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THE INTRODUCTION OF THE METRIC SYSTEM: THE 
FIRST EXAMPLE OF SCIENTIFIC RATIONALIZATION BY 


SOCIETY 
by Luce LANGEVIN 


This historical account of the beginnings of the metric system and its establishment 
in France and in other parts of the world clearly illustrates the powerful and far- 
reaching influences which scientific progress, technological development and social 
conditions exert upon one another. 

The author shows how the almost unbelievable chaos of traditional weights and 
measures, which stood in the way of social organization and scientific research, was 
finally replaced—under the favourable historical conditions created by the French 
Revolution—by a system of rational and universally acceptable standards. 


SPACE-SHIPS ON SATELLITE ORBITS ROUND THE EARTH 
by G. V. PETROVITCH 


Attaining other worlds beyond earth is a persistent dream of mankind and at various 
dates it has spurred scientists in many countries to attempt to get scientific proof that 
such worlds do exist. Recent progress in applied science has made it possible, for the 
first time in human history, to launch rocket-propelled research vehicles and artificial 
satellites from the earth for the exploration of outer space. 

The author describes the latest Russian work in this field, the successes achieved, 
the data yielded by a large number of interplanetary flights and, in particular, the 
research carried out on the problem of sending a man into space and bringing him back 
to earth. He then goes on to give an outline of the various methods used to check and 
improve the quality of the scientific data yielded by the latest satellites. 

The time will come when man must be prepared to meet new forms of life. 


A FEW ASPECTS OF THE IMPACT OF AUTOMATION ON 
SOCIETY 
by J. Garcia SANTESMASES 


The progress of automation has brought about a basic change in industry which can be 
considered as a second industrial revolution. Automation also affects such other fields 
as pattern recognition, automatic translation of languages, retrieval of information, 
learning, etc. Once freed from routine work, man will be able to devote himself to 
creative tasks and to the cultivation of his mind. But this cannot happen overnight. 
The development of automation will depend on economic factors and on the capacity 
of society to adapt itself to the type of organization required and the opportunities 
offered by such new techniques. 
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EXPLORING THE OCEAN DEEPS 
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Until recent times scientific knowledge of the deeps of the ocean was practically non- 
existent. But during the last 15 vears oceanographers have been concentrating particular- 
ly on these vast and hitherto inaccessible masses of water below the surface layer. 

The study of deep-water ridges and depressions, the entire mass of floor deposits 
and the underlying earth-crust, the dynamics of deep-water masses, their genesis and 
age, the mineral wealth buried at the bottom of the ocean, and the life inhabiting the 
ocean deeps, present modern science with a new, urgent and absorbing task, which will 
make it possible to reconstruct the history of the ocean and, consequently, the history 
of our planet. 
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PRE, 


THE INTRODUCTION OF THE METRIC 
SYSTEM 

The first example of scientific rationalization 
by society 


by 


Luce LANGEVIN 


Luce Langevin, Agrégée de I’ Université (Physics), is an honorary 
member of the staff of the Lycée Fénelon, Paris, and now lecturer 
in science at the Université Nouvelle in Paris. 


The history of the development of the various sciences shows the many complex 
and vital relations, both direct and indirect, that exist between scientific 
progress, the development of technology and social phenomena. It is easy 
to point to the direct effects of scientific discoveries on technological changes, 
and consequently on the material conditions of life, in the past, and even more 
so in the age in which we live; but the influence exerted by historical and 
social conditions on the rate of scientific research and on the selection of 
subjects for study is often not so apparent and is sometimes overlooked. 

The metric system, with its natural units, accurately defined, and its simple, 
practical decimal divisions, was the first logical system of mensuration. An 
account of the arduous process of introducing it will show how decisive the 
influence of social conditions can be when it is proposed to put new ideas into 
practice and to make changes that are essential to the further development 
of science. 

The metric system, which is in almost universal use today, is such an 
integral part of our everyday life and of scientific practice that it seems natural 
to us, and we are apt to forget the importance and the profound historical 
significance of this reform, which we owe to the French Revolution. 

‘Little recognized as it is, one of the greatest contributions of the French 
Revolution to Europe and to science throughout the entire world was the 
Metric system of mensuration’, writes the American chemist, S. French. ? 

To appreciate the full force of this remark, we should bear in mind the 
almost unimaginable confusion in the weights and measures used throughout 
the world before the French Revolution. 








1. Torch and Crucible: the Life and Death of Antoine Lavoisier, p. 213. 
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THE CHAOTIC STATE OF MENSURATION IN THE PAST 


Inconsistencies were more startling in France than elsewhere. The well. 


known English agronomist, Young, during a study tour of France, wrote , 


that the infinite confusion of mensuration was unbelievable.' Measures varied, 
indeed not only from province to province but in many cases from town to 
town, and more often than not measures which were quite different were 
called by the same name. 

Let us take a few examples from the French Encyclopaedia of the eighteenth 
century. 

The definition given for the foot is ‘a measure of all articles of commerce’, 
The ‘king’s foot’ or ‘Parisian foot’ equalled 12 inches, or 144 lines (since there 
were 12 lines to an inch). But, so we are told, there were 120 lines to a foot 
at Rouen, 150.30 at Déle, 128.27 in the city of Strasbourg, and 130.90 in the 
area surrounding Strasbourg. 

There was similar confusion in regard to another measure of length, the 
aune (ell), which was used for cloth and which varied not only from region to 
region but also according to the kind of cloth being measured. In Paris, for 
instance, there were 3 feet 7 inches 8 lines, i.e., 524 lines, to the aune for linen, 
526.40 lines for woollen fabrics and 527.50 for silks. At Lille, there were 
305, and at Saint Malo, 597 lines to the aune. 

Another measurement of length, the foise, is cautiously described as ‘a 
measure of size differing according to the place where it is in use’. The Parisian 
toise equalled 6 ‘king’s feet’, and scientists copied their own ftoises from the 
standard measure deposited at the Chatelet; but since the instruments in use 
at the time were inaccurate, each copy differed considerably from the others. 

In addition to the foot, the aune and the toise, there were various other 
measures in use, including the Parisian perche (18 feet) and the French perche 
(22 feet). The nautical league was common to France, England and the Nether- 
lands (maritime connexions between the three countries were then close), 
but the land league was different in each province, and the farther one went 
from the centre of France the longer it became. 

Square measures and measures of capacity were still more confused than 
long measures. The word arpent, for example, which was an old Gaulish 
measure, was used for an area measuring 100 square perches; but in the case 
of the Parisian arpent the perche equalled 18 square feet and, in the case of the 
French arpent, 20 square feet. As Young observed, these two different arpents 
were sometimes used indiscriminately by French writers on agriculture—which 
makes their writings completely unreliable as sources of reference. 

Speaking of another square measure, the journal—the area that a farm 
labourer could plough in a day—the great chemist Lavoisier, who was at that 





1, Arthur Young, Travels in France during the years 1787, 1988, 1789. 
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time a fermier général (a financier, responsible for the collection of taxes), 
said: ‘It is a frightening thought that, in the subdivision of Péronne alone, 
which is comparatively small, there are 17 different journaux.’ 

The ‘dry measures’—boisseau, rasiére, setier, muid and sac—which were 
used for grain, and the ‘liquid measures’—barrique, pot, pinte, chopine and 
feuillette—which were used for liquids, varied incredibly both from region 
to region and according to the commodity being measured. There were nine 
different sizes of pinte in Ille-et-Vilaine, and 25 in the Basses-Pyrénées! In 
Paris, the half pinte, which was called chopine, contained 24 cubic inches, 
whereas the pinte contained only 46.95. 

In old French measures of weight, however, things were less chaotic. The 
‘marc weight’ /ivre was used more or less everywhere throughout the kingdom; 
so was the half Jivre or marc, and the quarteron which was a quarter of a livre. 
These weights were in the form of goblets which fitted into each other and made 
a pile, called ‘Charlemagne’s pile’. It weighed 50 marcs altogether, but there 
was a considerable difference between the solid marc (the only solid weight 
in the pile), the first goblet, which was called the hollow marc, and the medium 
marc, which was one-fiftieth of the weight of the pile. The medium marc 
was mostly used in trade and for scientific measurements, but confusion 
sometimes arose between these three marcs, the weight of which was not very 
welldefined. 

The marc was sub-divided roughly according to the binary system—the 
quarteron (haif a marc) weighed 4 onces, the once weighed 8 gros, the gros 
3 deniers and the denier 24 grains—i.e., 24 times the average weight of a grain 
of wheat. The ‘marc weight’ /ivre therefore weighed 9,216 grains. 

As well as the Parisian /ivre there were local /ivres. At Toulouse, for instance, 
and in the Haut Languedoc, the livre weighed not 16 onces but 13} Paris 
weight onces. 

The above examples will give the reader some idea of the variety of mea- 
sures in use. It was this state of affairs that the French scientist, Delambre, 
renowned for his work in connexion with the determination of the length 
of the metre, described as ‘amazing and scandalous’. 

Yet France was not the only country where the situation was so chaotic. 
The system of weights and measures was fairly complicated, too, in the other 
countries of Europe, though to a lesser degree than in France. 

In England, for example, the yard was not the only measure of length— 
there was also the pole, the English ell (3 feet 9 inches) and the Flemish 
ell (2 feet 3 inches). There were two standard yards, one deposited with the 
Royal Society in London and the other with the Court of the Exchequer, 
but there was an appreciable difference between the two—which seems to have 
passed unnoticed until 1791. 

In the United Kingdom there were two different measures of weight, accord- 
ing to the commodity being measured. Troy weight was used for gold, silver, 
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precious stones, medicines and seeds. The pound troy was of 12 ounces, | 


the ounce = 20 pennyweights, and the pennyweight = 24 grains, so that the 
pound troy = 5,760 grains. The pound avoirdupois was used for metals, wool, 
fibre, leather, groceries and bread. It weighed 16 ounces, as the French, marc 
weight, /ivre did; but the ounce avoirdupois was of 448 grains, so that the 
pound avoirdupois was equivalent to 7,168 grains—i.e., more than 
the pound troy and less than the ‘marc weight, /ivre.’ One hundred Paris livres 
or Amsterdam pounds therefore corresponded to 109.9 London pounds 
avoirdupois, 166 Venetian pounds and 146 Roman pounds. 

The most widely used long measure, the aune (ell), also varied in value 
from one country to another, and the various trade agreements included 
equivalence tables. According to Savary’s table, 100 Amsterdam ells were 
the equivalent of 585 french aunes and the same number of English ells. 

The origin of this variety of measures, which was common to all the countries 
of Europe, is to be found in the institution of the feudal system. 


THE ORIGIN OF THE VARIETY OF SYSTEMS 


When the Western European countries were part of the Roman Empire, they 
all used the same system of weights and measures—the Roman system. The 
Romans allowed the peoples they had conquered to retain their own laws, 
languages and customs, but they imposed on them the use of the Roman 
measures, the standards of which, in pagan times, were kept on the Capitol, 
in the temple of Jupiter. The Christian Emperors subsequently gave orders 
that the standards of the weights and measures should be kept by the gover- 
nors of each province. Charlemagne realized that a uniform system of measures 
was an invaluable aid in maintaining the unity of his vast empire. His Capitu- 
laries obliged the merchants to use the measures the standards of which were 
kept in the Imperial Palace—namely, the ‘king’s foot’ and the weights of the 
50-marce pile, which came to be known as ‘Charlemagne’s pile’. 

But after the death of Charlemagne as we know, the empire was split up 
into small states, principalities and fiefs, which were sovereign dominions, 
each lord being absolute master of his own lands. The inhabitants lived on the 
produce of the soil they cultivated. The lord appropriated a large proportion 
of this produce, and the measures used for measuring his share were fixed 
by him in accordance with standards kept by him alone. This right of fixing the 
standards was one of his most cherished prerogatives. Apart from the advan- 
tages they derived from this right, some of the lords also contrived to alter 
the weights and measures to suit themselves, or introduced customs such as 
the ‘good measure’ or ‘heaped measure’. As an instance of this the French 
historian Sée tells us! that, by increasing the size of the measures used and 


1. Sée, Les classes rurales en Bretagne au moyen age, Paris, A. Piccud & Fils, 1896. 
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by demanding * heaped measure’, the lord of Guingamp exacted dues of 
100 pounds of corn for 65. In discussing the variation in measures, we should 
also remember how difficult it was, at that time, to obtain standards which 
conformed exactly to the original standard, the very form of which was 
conducive to error. 

Each fief thus gradually became a small independent economic entity with 
its own customs, its own practices and its own weights and measures. Inevi- 
tably the ancient denominations of measures handed down from the time of 
Charlemagne came to be used in different places for quantities that often 
varied considerably. This extraordinary variety of measures in France was 
directly related to the fertility of the soil and the wide range of crops that 
could be grown, which in turn favoured the development of small economi- 
cally independent territorial units. 

At a certain stage in the development of feudal society, a number of impor- 
tant changes took place. Following the introduction of the plough and the 
practice of having it drawn by horses, the use of mills, the improvement of 
craftsmen’s techniques and the appearance of the first manufactured goods, 
production increased considerably. New towns sprang up. Goods were 
exchanged between town and country, between provinces and between nations, 
on an ever increasing scale. Markets expanded tremendously as a result of the 
great journeys of exploration by sea or land. 

The isolation of the Middle Ages was a thing of the past. At the time of 
the Renaissance, the restrictions inherent in the feudal system, its closed 
economy and its guild systems came to be seen as hindrances to the growth 
of trade and industry. 

Whenever a peasant left his own village or a merchant traded with cities 
(and even small market towns) other than his own, he found he was dealing 
in different weights and measures. Doubtless there were numbers of buyers 
and sellers who kept to their own neighbourhood for fear of being cheated 
in these unfamiliar markets, thinking that an assured profit was better than a 
doubtful deal. On the other hand, the variety of measures in use was a frequent 
occasion of ill faith and double dealing. It was even argued by some of the 
opponents of standardization that the lure of such ill-gotten gains led to an 
expansion of trading. By and large, however, the bourgeoisie had need of .a 
standardization of measures to facilitate exchanges and trade in this new and 
larger context. But this same bourgeoisie, although almost entirely responsible 
for the country’s economy in the years immediately preceding the French 
Revolution, had no political rights whatever. The country was still ruled by 
the nobility, which continued to impose upon it the restrictions characteristic 
of the feudal system. Decadent and bankrupt, the nobility was all the more 
insistent on claiming its rights; and one of the privileges it clung to most 
tenaciously was the right of fixing standard measures. It thus succeeded in 
perpetuating for several centuries a diversity of measures which not only 
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impeded exchanges but also militated against the unity of the 


nation. 


THE POWERLESSNESS OF THE MONARCHY 


‘The idea of standardizing weights in France is possibly as old as the monarchy 
itself’, writes Dareste.' From the thirteenth century on, numerous royal 
decrees were promulgated which show that the governments were trying to 


introduce standardized weights and measures. The efforts of Philippe le Bel, | 


Philippe le Long and Charles le Bel were in vain. Francois I and Henri I] 
were somewhat more successful, for the official standards of the king’s aune- 
also called the ‘haberdashers’ aune—which were deposited in Paris and Lyons, 
date from 1554. Nevertheless, the decrees issued by these two kings ordaining 
that long measures should be brought into conformity with the Parisian aune 
and that the ‘king’s weight and measure’ should be adopted throughout the 
country were never given effect. The local measures remained, in all their 
variety. The monarchy’s one success was that the ‘marc weight’ pound was 
adopted throughout the country for the minting of coins. As coins were minted 
in the various mints scattered all over France, the establishment of a uniform 
standard was desirable, both in the interests of the monarchy and so as to puta 
stop to abuses. As soon as the royal government had completely regained the 
executive power, it imposed the Parisian standard weight—the marc of 
*Charlemagne’s pile’, which was kept at the Mint. Access to it was by three 
keys, which were entrusted to three of the leading citizens of Paris. 

As regards the other measures, the efforts made by successive kings were 
fruitless. Undoubtedly, the Hundred Years War and the Wars of Religion 
made it extremely difficult for the decrees to be enforced. But there were other 
and graver obstacles, which came to light in the seventeenth and eighteenth 
centuries. 

When Colbert set up a council for reform, the vastness of the problem 
became evident. Savary, who was one of the leading Parisian merchants 
and the father of the Savary who drew up the equivalence tables mentioned 
above, wrote in his memoirs that the difficulties in the way of the proposed 
standardization of weights and measures were almost insuperable. After 
Colbert, Necker tackled the problem of reform, and he, too, was defeated by 
its complexities. 

In his report to the king (Vol. II, p. 129), Necker writes: ‘I have examined 
ways of standardizing weights and measures throughout the kingdom; but 
I am still doubtful whether any advantage that might accrue would compensate 
for the many and various difficulties involved, seeing that assessments would 


1. Dareste, Histoire de l’administration en France, p. 252 
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have to be altered in innumerable annuity contracts, feudal dues and other 
similar deeds.’ . 

The fact is that reform was impossible under the conditions obtaining in 
feudal France. There were contradictions within the social system itself that 
stood in the way of this reform, essential as it was to the economic develop- 
ment and unity of France and to the advancement of science. Nevertheless, 
the movement towards reform was gathering momentum and the basic 
principles of the metric system were being more and more widely accepted 
among scientists, philosophers and economists. 


THE SCIENTISTS’ WORK FOR REFORM 


The need for universally accepted, consistent and accurate measures also 
fitted in with the new requirements of science and especially of physics. Freed 
from the stranglehold of scholasticism, stimulated by the needs and the 
expansion of technology, physics, in the hands of men like Galileo, Descartes, 
Huygens and Newton, had made sudden and rapid progress and was now 
a real science. It was based on experimentation, and its object was to express 
natural laws in terms of quantitative relationships. If the figures arrived at in 
measuring objects were to be of any scientific value, the units used by scientists 
had to be clearly defined and absolutely constant. Standard scientific measure- 
ments were therefore becoming essential. 

The time unit—the second—had been fixed long before, because of the 
requirements of astronomy and its practical use in navigation. But every 
scientist had long made do with measures of length and weight which were 
his own personal property, approximating as near as possible to the Chatelet 
toise or the Parisian marc. With the rudimentary techniques for measuring 
available at that time, the measures reproduced from the standards varied 
considerably. Also, as we have seen, the actual value of the standards them- 
selves was far from being clearly defined. As long as the establishment of 
numerical ratios to express the relationships under investigation was all 
that was necessary, the absolute value of the unit used did not greatly matter. 
It was not until the eighteenth century, when scientists had to solve problems, 
that the need for a precisely defined unit of length really made itself felt. 

One of the consequences of Newton’s discovery of the laws of gravitation, 
in 1687, was to engender the notion that the earth must be flattened out at 
the poles. On the other hand, Cassini’s measurements of the length of one 
degree on the meridian from the north to the south of France, in 1718, seemed 
to support the opposite hypothesis—that the earth was elongated at the poles. 
The problem of the shape cf the earth and the problem of the verification of 
Newton’s law were of prime importance for the newly established and flour- 
ishing scientific academies of Paris and London, and a decision had to be 
reached between Newton’s supporters and their opponents. This necessitated 
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measuring degrees sufficiently far apart for the difference not to be attributable La 
to errors in observation. A clearly defined unit of length was also not! 
needed. } arden 


After Huygen’s famous study of clocks and the isochronism of oscillations, he su 
scientists and philosophers gradually came to the conclusion that they should ’ of Jat 
take as the unit not an arbitrary length such as one related to the human body | and « 
—for example, the toise—but an invariable, universal length of which nature | sybm 
itself would ensure the constancy. In 1670, Christopher Wren put before the | divisi 


Royal Society in London the proposal that this constant unit should be the ? of m 
length of a pendulum which swings once in half a second. On the same date, \ as it 
the Abbé Picard, an astronomer of Lyons who was renowned for measuring Mc 


the arc of the meridian in France, determined the length of the pendulum | of thi 
which swings once a second in Paris, and put forward the proposal that main 
‘the length of the pendulum swinging once in one second might be called the , conn 
rayon astronomique; one-third of this length would be a foot and twice this | longi 
length would be the universal toise.1 > Thes 

The experiments conducted by the astronomer Richer at Cayenne in 1672 
showed, however, that the length of a pendulum which swings once a second such 
is shorter at the equator than in Paris. The length of a pendulum with a swing __ such 
of one second could therefore no longer be regarded as universal. But the idea } = Th 
of using the pendulum was not abandoned, and Fontenelle, in his Histoire de ) 
l’ Académie des Sciences for the year 1674, wrote ‘We must give up the attractive { and. 
idea of a universal unit and be content with having, in the second-pendulum, | 
a constant, unchanging measure at least for each country—which is no in- 
considerable advantage.’ | 

In the eighteenth century, this unit was still used by some scientists, including 
some of the members of the Royal Society in London, Jefferson in the United } and 
States of America and La Condamine in France. La Condamine was requested 
by the Académie des Sciences to measure the arc of the meridian in Peru; | into 
on his return, in 1748, he had cast a bronze rod the same length as the se- | orde’ 
cond-pendulumat Del Quito and sealed it in marble, with the inscription: ‘A ther 
natural unit—may it become universal!’ In his report to the Academy, La its o 
Condamine stressed both the need to adopt the decimal division and the need 
to choose ‘a fixed, constant measure, taken from nature itself, and one that } Asse 
is verifiable in any century’. ‘As new measures’, he affirmed, ‘the arpent, the | have 
setier and the boisseau must be reduced to round numbers. This would necessa- | sion: 
rily involve the reform of the weights, which, once the linear measure was | prov 
fixed, would in turn become constant. The time has come to carryout a pro- } fear. 
ject that will be to the advantage of trade and the commonweal, of which the | long 
rudiments emerged from the earlier investigations of the Academy and the TI 
execution is now made possible as a result of its more recent studies.’ 
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1. Mémoires de I’ Académie des Sciences, Vol. Vil, p. 139. | 1, Arc 
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La Condamine’s plan was not the only one put forward by scientists. 
Another natural unit, this time a unit related to the size of the earth, had its 
ardent supporters. The Abbé Mouton was the first to think of this, and in 1670 
he suggested that the unit adopted should be the sixtieth part of one degree 
of latitude, i.e., of the arc of one minute, which he called the mille. The centuria 
and decuria were to be multiples of the mille, and the decima and centima 
submultiples of it. He was the first to propose the adoption of the decimal 
division, drawing attention to its importance; and the remarkable system 
of measures that he suggested contains the germ of our entire metric system 
as it is today. 

Mouton’s idea was revived in the eighteenth century by the astronomers 
of the Royal Society in London and, in France, by Cassini. At that time, the 
main tasks before the London and Paris academies were the operations in 
connexion with the triangulation for calculating the length of the degree of 
longitude and those relating to the measurement of the second-pendulum. 
These tasks now came to be linked with the establishment of the universal 
unit of length, ardently desired not only by scientists but also by philosophers, 
such as Condorcet, physiocrats, such as Dupont de Nemours, ministers, 
such as Turgot and Necker, and the whole of the bourgeoisie. 

The records of petitions drawn up for the States General show how interested 
people were in this reform which was becoming more manifestly urgent 
and of which the general lines had already been virtually laid down. 

Yet the chaotic state of the system of mensuration described at the beginning 
of this article still continued. It was not until the Revolution that the material, 
social and political conditions necessary for this reform came into being. 
Even those ideas which had been the subject of the most mature deliberation 
and which commanded the widest support had been unavailing; a radical 
change in the existing social relations was needed before they could be put 
into real effect. The bourgeoisie had to become constituted no longer as an 
order but as a class, if it was to accede to political power and thus acquire 
the means to overthrow the obstacles to a reform that was essential both to 
its own interests and to those of the entire nation. The Bishop of Autun, 
Talleyrand, was fully alive to this when, in 1790, he declared to the Constituent 
Assembly, of which he was a member: ‘Payment of feudal dues in kind might 
have been the only obstacle really to be feared, because of the endless discus- 
sions between lords and vassals which the reform of measures would have 
provoked. It is even said that some administrators were held back by this 
fear. Now that the reform is to be carried out, this difficulty fortunately no 
longer exists. ”! 

The National Assembly had, indeed, destroyed the old régime and the 
feudal system by its vote on the night of 4 August 1789. France was politically 


& dla duced Archives pariementaires, 1790. 
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and juridically united. Gone was the conflict between the interests of lords 


and vassals, resulting from the payment of feudal dues—gone, at least, in} ° C 
theory. In practice, however, important qualifications of the legislation voted | on th 
with such enthusiasm were introduced into the decrees of 5-11 August by | as he 
the bourgeoisie, which was anxious to ensure that property rights were observed, for h 
The rights which oppressed the peasants were abolished, but those which 7” es 
restricted the use of the land were not. Feudal servitude was done away with, | amg 
but the lords continued to collect their dues until the peasant had bought oy 
his freedom from feudal rights, which was practically impossible. It was only 790 
under the Convention that these rights were really abolished, and the very the p 
foundation of the feudal system thereby destroyed. State 
From the history of the various stages in the standardization of weights | * tf 
and measures, we see that the reform did not begin to be put into practice rome 
until this revolutionary Assembly of 1793, a fact which confirms the decisive ~s 
role played by the conditions of social history in the triumph of new scientific } Deane 
ideas and consequently in scientific progress. | — 
| pend 
THE FRENCH REVOLUTION AS A PREREQUISITE OF REFORM ae 
The important question of weights and measures was brought up in the "e 
Constituent Assembly as soon as it began its deliberations. In 1790 the these 
narrowly practical plan put forward by Tillet and Abeille, members of the — 
Royal Society of Agriculture, was rejected—they proposed that the Parisian and 
measures should apply throughout the country—and Talleyrand’s plan was — 
adopted. Talleyrand held that the roise and the livre should be abolished. ?** 
‘Although this arrangement is a natural one’, he said, ‘and although it presents = 
practical advantages, it is not adequate for such an important purpose, nor | bined 
does it come up to the expectations of well-informed people. . . . It is not iad 
enough to adopt one unit of weight and one unit of length instead of On 2 
many . . . the system must be perfect—it must be based on a constant ay 
model, found in nature, to which all nations would be able to resort in the | . 
event of adopted standards being lost or suffering change.’ These words of ee 
Talleyrand gave expression to the wishes of the scientists, the hopes of the ia len 
, : ‘ ° ea the u 
philosophers and the attachment to the idea of universality which inspired 1791 
the revolutionary leaders. They set out clearly the purpose which the reformers i ie 
were to pursue to the end. anti 
The scientists had proposed two different natural units. Of these Talleyrand | a i 
favoured the length of the pendulum with a swing of one second, at ‘the ‘ies 
mean latitude of the civilized world’, i.e., 45°, rather than the unit based on ain 
the length of the meridian. So as to win the confidence of the peoples, he Th 


advocated that new measurements should be taken—‘solemnly’ and in colla- d 
boration with the Royal Society of London. This collaboration was facilitated | h “ 
by the fact that, on 13 January 1790, John Miller had proposed, in the House 
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of Commons, the introduction of a standardized system of measures based 
on the length of the pendulum swinging once a second in London. Statesman 
as he was Talleyrand favoured such collaboration for political reasons too, 
for he saw ‘in this co-operation between two nations endeavouring to obtain 
an important result from their inquiries into nature the principle of a 
political union brought about through the sciences’. 

Talleyrand’s plan was adopted by the Assembly, and the Decree of 8 May 
1790 is the first statute concerning the reform, which thus seemed to be on 
the point of realization not only in France but also in England and the United 
States of America. Moreover, plans were already in existence for co-operation 
on this subject between the Royal Society in London and the Academy in 


| Paris. In the United States, the standardization of weights and measures had 


been decided upon in 1787 when the Constitution of the Union came into 
being; the length of the second-pendulum at the mean latitude of the United 


| States (38°) had been selected as the unit. Jefferson, favourably disposed 


—— 


ng 


to the French philosophers, persuaded Congress to agree to the length of the 
pendulum at 45° latitude and to follow very closely the work being done in 
France and England. 

For political reasons, however, the standardization of measures between 
these three great countries was not to come about. A few days after the decree 
was promulgated, the plans were upset by a threat of war between England 
and Spain—France being an ally of Spain. On 30 November, England 
announced that the arrangement was ‘impracticable’. The threat of war had 
passed over, but the composition of the English parliament had changed 
and Miller, who would have supported the plan for collaboration was out ofoffice. 

In France, the commission appointed by the Academy following the 
Decree of 8 May, and consisting of Borda, Lagrange, Lavoisier, Tillet and 
Condorcet, had begun to draw up, on its own, the plan of work to be followed. 
On 27 October 1790, the commission announced to the National Assembly 
that it favoured ‘the decimal scale, which is to be the basis for all divisions, 
since the success of the general operation of the system of weights and measures 
is largely dependent on this scale’. Following the English refusal to co-operate, 
the unit of length proposed by Talleyrand was abandoned. On 30 December 
1791, in a report to the Assembly, the Academy stated that it did not think 
it should ‘confine itself to the mere observation of the pendulum. It feels that, 
working on behalf of a great nation, under the orders of enlightened men who 
are capable of giving the character of greatness to the good that they do and 
whose views are such as to include all men and every age, it ought less to seek 
what would be easy than what would be the nearest approach to perfection’. 

The choice of the pendulum would have been the easy way; on the other 
hand, it involved the introduction of an arbitrary unit—the second—and 
the intensity of the gravitational field. ‘It is much more natural’, stated the 
report of the Academy, ‘to measure distances from one point to another in 
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terms of a quarter of the earth’s great circles than in terms of the length} to un 
of a pendulum.’ incap 
And there were other reasons besides this ; the choice made by French scientists; Th 
had been influenced by their interest in the more accurate measurement of by t 
the earth and also by the exceptional opportunity this afforded to Borda of | and : 
establishing the reputation of an instrument for measuring angles which he mast 
had just invented, his famous repeating circle. The fourth Cassini, great.’ com 
grandson of the first director of the Paris Observatory, who was entrusted who 
with the task of working out the new measures, thought that as this instrument _ effec 
enabled measurements to be taken accurate to one second of an arc, the results Af 
obtainable from it would be more accurate for the length of the meridian than of m 
the results obtained by the first Cassini, the elder, who performed measure. ) awar 
ments accurate to 15 seconds. was 
The proposal put forward by the Academy was approved at once, and, and 
on 30 March 1791, the scientists’ choice prevailed. The unit of length, which | circle 
was defined as the ten-millionth part of a quarter of the earth’s meridian and | ratio 
was called the ‘metre’, was adopted as the basis of the metric system. man 
The plan of work was drawn up and five commissions were appointed.) latte: 
An initial grant of 100,000 livres provided the necessary financial basis for use t 
the reform. GUX 2 
However, all sorts of difficulties arose in connexion with the implementa- in F. 
tion of the project, and the work, which the academicians had estimated to sc 
would take two years, was far from completed when the fixed date was reached Bu 
in 1793. Yet the support and vigilance of the Legislative Assembly did not falter, Fran 
On 17 September 1792, at the time of the general mobilization on the eve} the | 
of Valmy, the Assembly decided that the work on the standardization of weights some 
and measures could not be interrupted, declared the reform urgent, and voted to w 
a further grant of 60,000 livres. The work of triangulation, however, which 
had been entrusted to Delambre and Méchain following a decision taken in gsra\ 
March 1791, was in fact only begun at the end of June 1792. The production | 
of the measuring instruments needed by the various commissions was consi- Ever 
derably hampered by the poor quality of scientific equipment available in had 
France. lutio 
coun 
bega 
» toh 
Whereas in England, at the same period, workshops producing scientific he v 
apparatus were numerous, well equipped and always busy, in France, the his h 
few that existed were short of labour and could not accept long-term or costly diffi 
orders. English manufacturers had achieved an excellent reputation among | but | 
scientists; some of them, such as Graham and Ramsden, had even been| Were 
admitted to the Royal Society, though most were of humble birth. In France ) M 
under the old régime, manufacturers were still uneducated workmen, unable reigr 
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to understand how the machines they made were to operate and, consequently, 
incapable of improving them. 

This stagnation was due to the impediments put in the way of progress 
by the complicated system of corporations which governed all industries 
and all handicrafts. The five-year period of apprenticeship and the exorbitant 
master’s fees demanded by founders and mirror-makers, who alone were 
competent to produce this scientific apparatus, made it impossible for those 
who had no private means to become manufacturers and had a very limiting 
effect on recruitment to these trades. 

After the Revolution, France tried to give fresh impetus to the manufacture 
of measuring instruments. Once the corporations were dissolved, national 
awards were instituted for the best workmen and technicians. In 1791, labour 
was requisitioned for Fortin’s and Lenoir’s workshops, to which Delambre 
and Méchain had entrusted the task of manufacturing the astronomical 
circles needed for triangulations. In addition, the recently established collabo- 
ration between the members of the Weights and Measures Commission and 
manufacturers such as Lenoir, Fortin and Carochez made it possible for the 
latter to acquaint themselves with the subject, improve their technique and 
use their own initiative. As Daumas remarks in Les instruments scientifiques 
aux XVII¢ et XVIII® siécles, there was a positive revival of mechanical invention 
in France, within a more general movement of progress which directed and 
to some extent accounted for it’. 

But, although the standardization of measures carried out by revolutionary 
France contributed towards the rapid development of precision machinery, 
the leeway was too great to be made up in a matter of months and it was 
some time before the first equipment was ready. The commissions had in fact 
to wait nearly two years before they could begin their work. 


ESTABLISHMENT OF REPUBLICAN UNITS OF MEASUREMENT 


Even when the technical difficulties involved in the production of equipment 
had been overcome, other disappointments awaited the scientists. The Revo- 
lution had many enemies, both in France and abroad. France was rent by the 
counter-revolution and threatened by invasion at the time when Delambre 
began, starting from Dunkirk, to measure the section of the meridian assigned 
to him. Harassed by the suspicions of the people and the local authorities, 
he was continually forced to have his instructions verified; sometimes even 
his life was in danger. In Spain, his colleague Méchain was encountering other 
difficulties. Spain had agreed to collaborate in the work on triangulation, 
but it refused to allow Méchain to return to France once the two countries 
were at war. 

Meanwhile, the confusion due to the diversity of weights and measures still 
reigned in France. In April 1792, Roland, the Minister of the Interior, declared 
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that this diversity was the main obstacle to the free movement of corn, and| 
called for a provisional system to be instituted by decree pending the compe. 
tion of the commissions’ work. The Legislative Assembly confined itself to 
asking for reports from the Academy. The Convention, on the other hand 
considered reform to be a matter of urgency and decided to define a proyj. 
sional system without delay. On 21 December 1792, the task of working oy 
a detailed plan for reform was entrusted to the Comité d’Instruction Publique ) 
under Prieur de la Céte-d’Or, a member of the Convention. 

On 29 May 1793, Borda announced the general outline of the system proposed 
by the Academy. The principle of the basic relations between the units of long 
measure, square measure, cubic measure and measures of capacity and weight 
was the decimal system. The length of the metre, calculated from the result 
of the measurements of the meridian carried out by the Abbé Lacaille in 174 
was selected as the basis of the system pending the completion of the 
geodesic operations. 

On | August 1793, the mathematician Arbogast, who was a member of the 
Comité d’Instruction Publique, requested that the new system be adopted 
without further delay. The Assembly approved the results of the work carried, 
out by the Academy; it also decided that the adoption of the metric system 
should become compulsory throughout France one year after the promul- 
gation of the decree. Work was to continue on the final definition of the length 
of the metre. Meanwhile, funds were voted for the production of standards 
based on Lacaille’s measurements. 


LEGAL RECOGNITION OF THE METRIC SYSTEM } 


It is interesting to note that, at the same session when this important decision 
was taken, the Assembly was informed of the capitulation of Valenciennes 
and stigmatized English espionage; other legislation also passed at the same 
time included the decree which brought Marie Antoinette before the revolu 
tionary tribunal and the order that the gates of Paris should be closed and’ 
nationals of enemy countries banished from France. 

The standardization of measures was needed for the consolidation of the 
unity of France; it was essential to the ‘indivisibility of the Republic’. Histo 
rical necessities, overruling theoretical considerations, revolutionary enthv- 
siasm and the creative power of the Montagnard Convention, carried the day.) 
The metric system became law. 

The Convention, like previous assemblies, intended the system to be 2 
universal one but the eventful history of this innovation shows how lon 
a time may elapse before such intentions finally become practical realities. 

The new measures—the metre, the gramme and the litre—and the nev 
monetary unit, the franc, were to have become compulsory on 1 January 17% 
By that date, however, nothing was ready, and owing to difficulties in applying 
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the law, it was decided to introduce the new units gradually. The workshops 
could not supply enough of the standard units. Apart from this, some of the 
scientists who had previously supported the Revolution began to be afraid 
of it and were half-hearted in carrying out the tasks assigned to them by the 
Convention. On 23 December 1793, at the instance of Prieur, the Comité de 
Salut Public, ‘considering it essential that only men worthy of trust on account 
of their Republican virtues and their hatred of kings should be assigned any 
function or be entrusted with any task’, dismissed Borda, Lavoisier, Coulomb, 
Brisson and Delambre from the commission. The remaining members— 
Berthollet, Monge, Lagrange, Haiiy and Vaudermonde—were to secure the 
assistance of men whose co-operation they deemed necessary and ‘give their 
opinion on ways of extending the use of the new measures to all citizens 


) at the earliest possible date, taking advantage for this purpose of the momen- 


tum engendered by the Revolution’. 

On 19 January 1794, the commission declared its intention of giving imme- 
diate consideration to methods by which the new weights and measures could 
be distributed as soon as possible throughout the Republic, so that ‘the citizens 
may soon cease to be offended by the sight of detestable survivals from the 
times of the tyrants and the objects defiled by them’. On 5 March, the com- 
mission called for ‘revolutionary measures to speed up the production of the 
standards’. It drew up instructions concerning the administrative measures 
to be taken, after which its meetings ceased. 

Early in 1795, Prieur submitted a report to the Convention in which he 
urged that the work which was then in abeyance should be resumed imme- 
diately. He pointed out that while France was at war it had been impossible 
to produce the new weights and measures in sufficient quantity, because both 
materials and workmen were required for the country’s most pressing needs. 
‘Now’, he said, ‘circumstances are becoming more favourable, and we should 
resume the work still to be done in connexion with the changes which had 
been introduced with the Revolution and which, in the interests of the Repub- 
lic, should be completed.” The Convention gave fresh impetus to the work 
of the Commission for Weights and Measures. On 7 April 1795—or, according 
to the revolutionary calendar, 18 Germinal, year III—a law was passed replacing 
the provisional measures by permanent ones, which were to be called ‘ Repub- 
lican units’. 

The metric system was actually established by the Law of 18 Germinal, 
which determined its final nomenclature and prescribed the practical steps 
to be taken for the introduction of the new weights and measures throughout 
the Republic. 

The old measures were to b ereplaced ‘in sections and at different times’, as 
soonas sufficient quantities of the Republican measures had been produced, begin- 
ning by coinage and long measures. Meanwhile, by the first article of the law, 
citizens were adjured to ‘show their devotion to the unity and indivisibility 
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of the Republic by beginning at once to use the provisional measur 
in their calculations and commercial dealings’. The operation, which, a) 
Prieur said, would involve ‘education, science, the arts, trade and the police’, 
was to be completed shortly. A provisional committee of three was to make 
the necessary arrangements. It appealed to technicians to make maching 
capable of producing the new weights and measures more quickly and a 
lower cost. 

By 22 December 1795, enough metres had been produced to enable the 
use of the metre to be made compulsory in Paris. Work was also going forward 
briskly on the triangulation measurements and the determination of the 
Republican measures. Berthollet, Monge and Vaudermonde were in charge 
of the preparation of the platinum which was to serve for the manufacture of 
the permanent standards. Borda, Haiiy and Prony were working on the estab. 
lishment of a standard weight. Méchain, Delambre, Laplace and Prony 
were concluding the geodesic work. 

When all was done, or nearly done, the commission asked the Directory 
to invite scientists from nations that were friends and allies of France to come 
to Paris for the permanent establishment of the new units. 


TOWARDS UNIVERSAL ACCEPTANCE OF THE METRIC SYSTEM 


In September 1798, it was to Talleyrand, at that time Minister of Foreign 
Affairs, that fell the task of issuing invitations to this first international 
congress on weights and measures. Denmark, Spain, the Swiss, Dutch, Ligu- 
rian, Roman and Tuscan Republics, and the Kingdom of Sardinia sent repre- 
sentatives to Paris to acquaint themselves with the work that had been done 
and to attend the official inauguration of the new system. The rules employed 
in measuring the bases were compared, geodesic and astronomical operations 
were proved, calculations were checked and the value of the kilogram 
was finally established. 

The Corps Législatif, meeting in solemn session in Paris on 22 June 1799, ) 
received a commission consisting of French and foreign scientists who handed 
over two bars and two cylinders of platinum to the representatives of France 
and requested the legal recognition of these standards as the basis of the 
new system. 

This meeting was of great economic and scientific importance. Not only 
was France about to achieve the standardization of measures and bring order 
out of chaos, but the presence and approval of foreign scientists gave the new 
measures the universal acceptance which was the ambition of those who had 
promoted the metric system. 

The Dutch delegate, Van Swinden, was deputed to submit the report to the 
Assembly. The closing words of the report were: ‘Lastly, we hope that this | 
excellent metric system will be adopted by all the nations in the world.’ 
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This hope was far from being fulfilled in the next few years. In France itself, 
there was a tendency to cling to the old names and the old customs—a tendency 
inherent in the very nature of the French economy, which, in rural areas, 
was particularly inaccessible to outside influences. Temporary measures for 
ordinary purposes, bearing the old names but based on the metre, were intro- 
duced by Napoleon (decrees of 12 February and 28 May 1812) for retail 
trading. The extension of trade to the national and international levels, as a 
result of the development of capitalism, overcame the last objections, and on 
4 July 1837 the metric system became legally compulsory in France as from 
1 January 1840. 

The 1851, 1855 and 1862 exhibitions gave other countries an opportunity 
of observing the advantages of the system for the general progress of the 
nation’s economy. At the time of the 1867 exhibition, an international com- 
mittee on weights, measures and coinage met in Paris. In 1867, the international 
geodesic conference for measuring the degrees of longitude in Europe expressed 
the hope that ‘in the interests of science in general and geodesy in particular, 
a uniform system of weights and measures with decimal subdivisions will be 
adopted in Europe’, and pronounced itself in favour of the metric system. 
In 1869, a similar hope was expressed by the Academy of Saint Petersburg 
and by the British Association for the Advancement of Science. In 1872, 
the International Commission for the Metre, which brought together repre- 
sentatives of 29 countries, laid the foundations for an international metric 
system and established its standards, taking as a basis the remarkable standards 
established for the Republican units by the masterly technicians Fortin and 
Lenoir. In 1899, all the countries of Europe, except Great Britain and Russia, 
had adopted the system. It was instituted in Russia immediately after the 
Revolution of October 1917. England, which in 1789 came so near to co-operat- 
ing with France in the international standardization of measures, still clings 
to its old units—the pound, the foot, the yard—and every scientist is aware 
of the difficulties which result from the use of the English system in calculations. 
This antique system, retained for purely economic reasons which are now 
out of date (for instance, so as to keep the monopoly of certain markets which 
are accustomed to these units) throws into relief the simplicity of the metric 
system and, in particular, the advantages of the decimal system. 


FURTHER CONSEQUENCES OF THIS FIRST 
SCIENTIFIC RATIONALIZATION BY SOCIETY 


Decimal notation was known in France long before the metric system was 
evolved, for the use of the zero, which is an essential feature of the decimal 
Classification, had reached France through the Arabs about the twelfth 
century. Several centuries were to pass, however, before the value of this 
notation was fully realized, and, as we have seen, it was Mouton who, in 1670, 
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showed how it could be used in a mensuration system. It was not until the | 
metric system triumphed, after the French Revolution, that this method of 
computation, so useful in all fields of activity, was generally adopted. This is, 
undoubtedly, one of the chief advantages of the metric system. 

It is not the only one, however. The influence of the metric system throughout 
the world has promoted commercial and scientific relations between the 
peoples. The first systematic attempts at international scientific collabora. 
tion date from the introduction of this system. It was for the purpose of inav- 
gurating the metric system that the first international scientific conferences 
were held and the first international institutions set up, such as the Inter. 
national Bureau of Weights and Measures, at Sévres, which has been in 
operation since 1873 and whose members meet every six years, offering an 
excellent example of world-wide co-operation, inspired by science. 

So, then, the second part of the inscription ‘at all times and in all places’, 
which was to be engraved on the medal struck in 1799 to commemorate the | 
introduction of the metric system, has been fully justified. The first part, 
‘at all times’, which refers to a unit ‘taken from nature’ and therefore constant, 
was in accord with the ideas of the period concerning the absolute value of ; 
scientific findings. Increasing precision in measurements was to enable consi- 
derable progress to be made in all fields of knowledge, and soon the length 
of the millionth part of the meridional quadrant of the earth as the standard 
measurement of the metre was replaced by a more exact scientific measurement 
—the length of the standard metre deposited at the Pavillon de Breteuil 
(decision taken in 1872). At congresses held recently, metrologists have decided 
to determine this length by the well-defined wave-length of radiation found | 
in the light from stars and also emitted by cadmium. This would make it 
possible to reconstruct the standard accurately in the event of the present 
standard being lost. 

It is undeniable, however, that the idea of the metre as a natural unit has 
had far-reaching effects. It is to this idea that we owe the quest for ever greater 
precision in measures and, consequently, the very progress which has led to 
the discovery of its illusory character. It was because the scientists wanted 
an accurate measurement of what they then thought to be constant that 
instruments for measuring were improved and a body of skilled scientific 
constructors grew up in France after the Revolution. It was because tempera- 
ture had to be taken into account in taking measurements, and also in deter- 
mining the kilogram, that much valuable work was done on dilatation and 
thermometry. It was because the establishment of the unit of weight required 
accurate weighing that the balance was perfected. And it was because of the 
desire for perfection that informed the establishment of these units—which, 
it was hoped, would be universally adopted—that the need for precision in 
measurements penetrated into physics and chemistry. ) 

The history of the establishment of the metric system brings out clearly 
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the constant and fruitful interaction which takes place between science and 
technology. It also shows the reciprocal influence of political, social and 
economic factors on the introduction of a reform which is universally acknow- 
ledged to be the sine qua non of the advancement of science. With the intro- 
duction of the metric system by the revolutionary Assemblies, and in particular 
by the Convention, scientific knowledge became part of the life and the economy 
of society. This reform also affords the first example of scientific rationalization 
by society itself. Auguste Comte wrote concerning it: “Apart from its obvious 
immediate utility, this memorable intervention of true speculative thought 
in the systematization of a department of human relations in which it seemed 
at first to have no part, may well presage the vast advantages which modern 
life may hereafter derive, in so many other respects, from a judicious rationa- 
lization of its most practical aspects, once the influence of science has become 
fittingly widespread and has sufficiently permeated all sections of the economy 
of our revivified societies. ’ 

What Comte does not say, however, and what history teaches us, is that, 
of itself, the influence of science often proves powerless to ‘permeate the 
economy of a society’ when the interests of particular groups in society are 
involved. It was not until the demand for the standardization of weights and 
measures coincided with a revolt of the whole country against an obsolete 
social system that a scientific idea, which had long been under consideration 
and to which expression had often been given, could be carried into effect. 
The shock of the French Revolution and the triumph of the bourgeoisie were 
needed before the chaotic system of weights and measures which was part 
and parcel of feudalism gave place to the metric system, not only in France 
but throughout the world. History thus shows how profound and significant 
is the passage from French’s life of Lavoisier quoted at the beginning of this 
article. 
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SPACE-SHIPS ON SATELLITE ORBITS 
ROUND THE EARTH 


by 
G. V. PETROVITCH 


G. V. Petrovitch is a member of the Soviet scientific group for 
research on artificial satellites. 


THE FIRST BALLISTIC ROCKET VEHICLES AND THE FIRST ARTIFICIAL 
EARTH SATELLITES 


In recent years scientific knowledge has been increased through the develop- 
ment of rocket technology and space research. 

In January 1960, as part of the testing programme for improved models of 
powerful multi-stage rocket vehicles designed to launch heavy earth satellites 
and to carry out space flight to planets in the solar system, Soviet experts 
launched two rockets, without the final stage, over the Pacific Ocean. A target 
zone for the penultimate stage of the rocket, carrying a dummy final stage, 
was chosen in the central part of the Pacific Ocean, well away from frequented 
shipping lanes, air routes and fishing areas. The first launching took place on 
the evening of 20 January 1960. After covering a distance of approximately 
12,500 kilometres above the earth’s surface, the rocket landed in the target 
area. On entering the dense layers of the atmosphere, the penultimate stage 
of the rocket disintegrated and was partially burnt up. The dummy final stage, 
which had been provided with protection against the destructive effect of the 
dense layers of the atmosphere, landed in the water less than two kilometres 
from the calculated point of impact. The behaviour of the dummy final stage 
was observed during the descending arc of its trajectory and valuable tele- 
metric measurements were made. Its impact with the water was recorded by 
radar, optical and acoustic stations on specially equipped ships of the Soviet 
Fleet waiting in the target area. 

The series of tests was completed on 31 January with a second successful 
launching. In both cases the firing took place precisely at the appointed time, 
the rocket’s flight and the functioning of its stages went according to plan 
and were checked continuously by telemetric communication with the rocket 
from land and ocean stations. 

Under the additional research and experimental construction programme, 
the next stage in the flight testing of new and powerful multi-stage carrier 
rockets with dummy final stages was completed on 5 and 7 July 1960 with 
two successful launchings. The high degree of accuracy achieved in guiding 
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the flight made it possible to reduce by several times the area in the central 
Pacific Ocean declared closed during the testing period. , 

Various important events took place in the interval between these series 
of tests. 

On 4 April the third Soviet artificial earth satellite completed its 10,000th 

revolution round our planet, having travelled 446,600,000 kilometres in 

) 689 days. By then the satellite’s orbiting time had been reduced by 17.35 minutes 

oup for to 88.6 minutes, while the apogee had gone down by 1,650 kilometres to 

730 kilometres. The perigee had been reduced from 226 kilometres to 165 kilo- 
metres. 

The slowing down of the third Soviet satellite and its entry into the dense 
layers of the atmosphere was clearly observable from 28 March onwards, 
and on 6 April the satellite ceased to exist during its 10,037th revolution, 
when it was taking approximately 87 minutes to complete a single orbit. The 
relop- satellite had been in flight for 691 days and during that time had covered more 

than 448,000,000 kilometres. 
els of During its existence of nearly two years the third Soviet artificial earth 
llites } satellite, nicknamed the Flying Space Laboratory, made it possible to conduct 
‘perts extremely valuable research on cosmic rays, corpuscular solar radiation, 
arget the earth’s magnetic field and the structure of the ionosphere; a study was 
tage, made of the density and pressure distribution of the upper layers of the atmos- 
ented phere, meteoric particles and the propagation of radio waves; tests were made 
© ON of the reliability of the long-life solar batteries of the rocket’s radio, and of the 
ately sealing and temperature conditions of the rocket itself. The inner and outer 
arget | radiation belts surrounding the earth were studied in detail. Until the end of 
stage the third satellite’s life, by which time it had travelled almost 500 million 
tage, kilometres, the solar batteries and the ‘Mayak’ transmitter operated effi- 
ciently. 
ctres The data thus obtained added a great deal to scientific knowledge, clarified 
tage former concepts about many natural phenomena, and made it possible to 
tele- ) construct much improved machines for flight into space and safe return to 
| by the earth. 
viet On the morning of 15 May, the second anniversary of the launching of the 

third Soviet artificial satellite, a space-ship was placed in orbit round the 
sful earth. This space-ship—weighing 4,540 kilograms without the final rocket 
ime, \ stage, ie., three-and-a-half times more than the third satellite—was placed 
plan" in orbit by an improved high-powered carrier rocket. As calculated, it went 
cket into an almost circular orbit with a perigee of 312 kilometres, an apogee of 

369 kilometres and an initial orbiting time of 91.2 minutes, after which the 
me, final stage was detached. The angle of inclination of its orbit to the plane of 
' the equator was 65°. 
vith } The launching was made under the research and experimental construction 
ing programme, preparatory to a manned flight into outer space. This was the 
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beginning of a series of trials of a space-ship which could be used for lengthy, circula 
manned flights into space. The space-ship consisted of a pressurized capsule’ tempe! 
weighing about 2.5 tons with full equipment for a manned flight, and various thesat 
instruments whose total weight, including sources of power, was 1,447 kilo. was nc 
grams. ting 0 
Although the seat in the capsule was not occupied, it was loaded witha jnforn 
weight equivalent to that of a man. The launching was made to develop and) prakir 
test the space-ship’s control and safety systems, its return to the earth and Essent 
the conditions necessary for. manned flight. Other launchings are scheduled workit 
to follow, and only after all the systems have been perfected and sufficient and a 
statistical data obtained in flight will it be possible for the best candidates from orbit 
a course of instruction and training to be sent into space. Th 
The space-ship carried a ‘Signal’ radio transmitter, operating on a frequency parts: 
of 19.995 megacycles, with both telegraphic and telephonic systems, and also ship 2 
a radio to transmit information to the earth on the working of the variou. On 
instruments and precise measurements of the orbit. The scientific and measuring _ the fi 
apparatus was powered by chemical current sources and solar batteries. to ex 
After the instruments had been tested, the programme provided for the} contit 
satellite’s descent, upon orders from the earth, and the detachment of the befor 
pressurized capsule. In this instance it was not planned to bring the capsule 
back to earth; it was to be destroyed, like the remaining part of the space-  gcypx 
ship, when it reached the denser atmospheric layers. AND 
The telemetric information received showed that all the satellite’s instruments 
operated normally, and that the temperature and pressure were maintained On 1 
within the given limits both in the instrument compartment and in the detach-; hum: 
able capsule. Radio control of the satellite’s instruments from the earth the e 
also worked efficiently. Radio messages from the ‘Signal’ transmitter were orbit 
clearly received by Soviet and foreign stations and amateurs all over the world. __ the ¢ 
Radio and optical stations conducted systematic observations of the progress and 
of the satellite and its carrier rocket. weig 
At the end of the research programme, to bring the space-ship out of orbit) TI 
after a four-day flight, the braking device was actuated by a signal from the and 
earth at 2.52 a.m. on 19 May, during the satellite’s 64th revolution, and alive 
operated according to plan. In addition, the capsule was detached and its cont 
stabilizers worked correctly. However, owing to a fault in one of the steering _cosr 
instruments, the direction of the braking thrust was not as planned and} cabi 
instead of decreasing the speed of the capsule increased slightly. As a result _nois 
the space-ship and the capsule both went into a new elliptical orbit, witha the 
perigee of 306.5 kilometres, an apogee of 690 kilometres and an orbiting T 
time of 94.25 minutes, at the same angle of inclination to the plane of the __ stee 
equator (65°). The final stage of the rocket continued along its former orbit. | mitt 
The launching of the first space-ship solved many highly important scientific } in t 
and technical problems, such as: the placing of a heavy satellite in an almost _— tow 
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circular orbit; maintaining the normal working of the pressurization and 
temperature control system in the astronaut’s cabin; communication between 
the satellite and the earth by normal telegraphic means (telephonic transmission 
was noisy and very distorted); development of special radio devices for transmit- 
ting orders to the satellite, controlling its orbit and sending back telemetric 
information; testing the operation of the self-orientating solar batteries, the 
braking mechanism and the stabilizing system of the astronaut’s cabin. 
Essential data were obtained which will make it possible to ensure the proper 
working of the mechanism for steering and bringing the capsule out of orbit, 
and also to direct the movement of the satellite by transferring it from one 
orbit to another. 

Thus the world gained a new Soviet artificial satellite, composed of three 
parts: the pressurized capsule, the instrument compartment of the space- 
ship and the final rocket stage, moving along their orbits. 

On the evening of 17 July, during its 1,019th revolution round the earth, 
the final rocket stage entered the dense layers of the atmosphere and ceased 
to exist. The capsule and the instrument compartment of the space-ship 
continue their flight and will complete several more thousand revolutions 
before they too are destroyed. 


SCIENTIFIC RESEARCH PREPARATORY TO MANNED SPACE FLIGHT 
AND RETURN TO THE EARTH 


On 19 August, in a further attempt to develop systems capable of maintaining 
human life on board a space-ship during flight through space and return to 
the earth, the Soviet Union successfully put a second space-ship satellite into 
orbit. Its orbiting time was 90.72 minutes ; the minimum height of the orbit above 
the earth’s surface was 306 kilometres, the maximum height 339 kilometres, 
and the angle of inclination to the plane of the equator 64° 57’. The satellite’s 
weight, without the final rocket stage, was 4,600 kilograms. 

The space-ship consisted basically of a cabin, an instrument compartment 
and a braking system. The cabin was fitted with devices to keep animals 
alive during the flight, equipment for biological experiments, an ejectable 
container with a sealed capsule for animals, apparatus for investigating 
cosmic radiation, steering gear, instruments for recording the behaviour of the 
cabin during launching (indicators of angular velocity, overload, temperature, 
noise, etc.), automatic landing-gear, and equipment for automatically recording 
the readings of instruments attached to the passenger. 

The following devices were fitted to the outer surface of the cabin: the 
steering nozzles and compressed gas cylinders of the steering system; trans- 
mitting indicators of the scientific apparatus; wireless aerials; the solar battery, 
in the form of two half-discs one metre in diameter, turning automatically 
towards the sun; insulation to protect the cabin from combustion during 
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the descent. The cabin walls were fitted with heat-proof port-holes and with was p 
hermetically sealed hatches that could be opened instantaneously. been ¢ 

The sealed, gas-filled instrument compartment contained radio-telemetric The 
instruments, the ship’s steering equipment, instruments for investigating it safe 
cosmic and solar radiation and thermo-controls. ment. 

An important function of the second space-ship was to investigate the Ut th 
effect of all stages of the flight and the return to earth on the vital functiog;} ship's 
of experimental animals on board. The cabin, which contained everything °° 
needed for future manned flight, carried two dogs—Strelka and Belka, forty An 1 
mice, two rats, several hundred insects, land and water plants, cereal grains, surfac 
fungi, certain microbes and other biological specimens. woulc 

A ‘Signal’ radio transmitter was installed on the satellite, operating ona calcul 
frequency of 19.995 megacycles, a radio-telemetric instrument for transmitting The 
data to the earth on the condition of the experimental animals and the func. and b 
tioning of the various mechanisms, and also television apparatus with two The 
cameras for observing the behaviour of the animals on board. The apparatus ™% 
was powered by chemical current sources and the solar battery. dogs, 

On 20 August, after the space-ship had completed approximately 17 revolv- } plant 
tions round the earth in one day, thus covering more than 700,000 kilometres, Chlor 
the research programme was fully carried out and an order was given from Chior 
the earth to bring the satellite out of orbit. As soon as the craft began its mayor 
descent trajectory, the instrument compartment was detached from the cabin Nigel 
and burnt out upon entering the dense layers of the atmosphere. The cabin’s rabbi 
insulation protected it during its descent through the atmosphere. The cabin cells | 
decelerated over a distance of 11,000 kilometres from the beginning of the; bacill 
descent, with an overload never exceeding 10, and reached a height of 7 kilo- iii 
metres, after which it landed at a speed of 10 m./sec. To work out an alternative ™ ee 
landing system, most of the experimental animals in the capsule were cata- acid 
pulted out of the cabin by a relayed barometric signal at a height of 7 to ‘13-2 
8 kilometres, and descended by parachute at a speed of 6 to 8 m./sec. The Ov 
cabin and capsule landed without damage, delivering their passengers ) had t 
safely. the 1 

The space-ship’s steering and braking equipment worked very accurately. of 7 
The cabin came down in the target area less than 10 kilometres from the an hi 
calculated point of impact. satel 

During the descent and after landing special radio transmitters installed wii 
in the cabin and the ejected capsule transmitted signals which made it possible of I 
to take continuous bearings of their position, and to follow them right up to begit 
their landing. fungi 

Scientific and medical officers, arriving at the landing place by aeroplane _ 
and helicopter, came upon the messengers from space in a green field in the as 
middle of a collective farm. — 


Thus, for the first time in history, a space-ship carrying living creatures 
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was put into orbit and brought back to the earth. Yet another boundary had 
been crossed, opening up the way to man’s progress into space. 

The ability to bring the heavy cabin of a space-ship out of orbit and land 
it safely on a particular part of the earth’s surface is an outstanding achieve- 
ment. To give some idea of the accuracy of the landing, it is sufficient to point 
out that when the signal to come out of orbit was given an error in the space- 
ship’s speed of 1 m./sec. or an error in the direction of the speed vector of 
one minute would have led to a 50-kilometre difference at the point of landing. 
An error of 100 metres in determining the space-ship’s height above the 
surface of the earth at the time the order to descend from orbit was given 
would have been enough to cause a deviation of 4.5 kilometres from the 
calculated landing place. 

The second achievement of this flight was the important series of medical 
and biological experiments carried out. 

The sealed cabin contained three cages holding thirteen white laboratory 
mice, fifteen black mice and two white rats. In the ejected capsule were two 
dogs, six white and six black mice, insects (fifteen fiasks of Drosophila), 
plants (two flasks of Tradescantia in flower, and eight ampoules containing 
Chlorella in suspension in a liquid feeding solution and four others with 
Chlorella in agar slants), fungoid cultures (fourteen ampoules of actino- 
mycetes) and seeds of maize, several varieties of wheat, peas, onions and 
Nigella. In addition the capsule held small samples of preserved human and 
rabbit tissue (skin) in two ampoules, a culture of human epithelial tumoral 
cells (Chela cells) in six ampoules, and various microbes (‘KK-12’ intestinal 
bacillus in eleven ampoules, ‘B’ intestinal bacillus in six ampoules, ‘aero- 
genesis’ intestinal bacillus in four ampoules, butyric fermentation bacillus 
in two ampoules, staphylococcus in two ampoules, desoxyribose nucleic 
acid solution in six ampoules, ‘T-2’ bacteriophages in three ampoules and 
‘13-21’ bacteriophages in three ampoules). 

Over a period of years a number of medical and biological experiments 
had been made in preparation for this important flight. Everyone will remember 
the numerous launchings of heavy Soviet rockets carrying animals to heights 
of 500 kilometres and the flight of Laika in the second artificial satellite was 
an historic event; but the experiment conducted on board the second space-ship 
satellite on the effects of space conditions on living matter was one that had 
never before been equalled in scope. The specimens used in the experiment, 
of great interest for biological research, cover an extremely wide range: 
beginning with desoxyribose nucleic acid, bacteriophages, bacteria and radiant 
fungi, tumoral cancer cells, monocellular and higher plants, the seeds of 
several higher plants, and insects, they also include animal and human skin 
tissue and finally mammals—the most highly organized of animals. In the 


) apt words of Mr. V. V. Parin, a member of the USSR Academy of Medical 


tures 


Sciences, it was in truth ‘a model twentieth-century Noah’s Ark’. 
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Great interest attaches to the study of the effect of cosmic radiation on te, 
subsequent vital functions of all the specimens, and the effect of flight condi. 
tions on the highly developed systems of the experimental animals. 

Investigation of the monocellular green water-plant, Chlorella, is particy. 
larly important since it can be used for the biological regeneration of the ai; 
in the cabin during long flights. 

A careful study was made of the physical condition of the experiment) 
animals, and in particular of the two dogs, during flight. The telemetric appe- 
ratus made a continuous recording of their electro-cardiograms, phono. 
cardiograms, blood pressure, the frequency, type and depth of their breathing 
and of their temperature and movements. 

The satellite carried instruments for a physical study of the light and heay 


nuclei in primary cosmic radiation, the intensity and spectra of ‘soft’ solar? 


X-ray and ultra-violet radiation, and for recording the cosmic radiation level 
(doses) in the animals’ capsule. In addition, the cabin contained photographic 
plates with a thick coating of nuclear emulsion, weighing approximately 
60 kilograms, for the study of cosmic radiation. In one case, provision 
was made for developing the emulsion immediately on board the satellite, 

The scientific information was stored and transmitted to the earth by mean 
of a signal sent after each revolution round the earth and also before landing, 
During the descent, the condition of the experimental animals was continv- 
ously recorded by an automatic mechanism on board. 

The experimental animals and biological specimens brought back from 
orbit round the earth are in good condition and are being studied from all 
points of view. The nuclear emulsion plates and all the scientific apparatus, 
which was recovered are also being investigated. The telemetric record of the 
instrument readings and the television film of the animals’ behaviour on board 
are particularly valuable. 

The scientific investigation and measurement programme connected with 
the flight of the second space-ship was successfully completed. The data 
obtained are being studied and will be made available to scientists throughout’ 
the world. 

Initial work on the material indicates that the experimental animals stood 
up well to the flight and landing, and that the satellite’s systems and apparatus 
worked as they should. The pressure, temperature, humidity and composition 
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rating and thermostatic system. 

We are witnessing the completion of only the first part of the programme 
in preparation for launching the first man into space. The seriousness of the 
task is such that it cannot be approached like a casual sporting event and 
even less as a publicity stunt. Before authority can be given for launching 
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a man into space, a reliable system must be developed for the complicated} stag 


operation of putting the space-ship ito orbit and returning it, controlled 
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1 On th! either from the earth or on board, to a safe landing on a chosen area of the 
it condi earth’s surface. A reliable and complete system of conditioning in the sealed 
cabin must also be developed, so that the astronaut’s normal functions 
Parti. (breathing, nourishment, water supply, sanitation, work and rest) can be 
F the air carried out during flight under such conditions as loud noise, vibration, 
overload, weightlessness, complete silence, differing external lighting conditions, 
imental) cosmic and solar radiation, etc. Sufficient statistical information must be 
iC apps accumulated on flights by animals with all these systems functioning perfectly. 
Phone The completion of this programme will require considerable effort and 
cathing time. However, the work is proceeding successfully and the day is gradually 
approaching when man’s way into space will be open. Then will begin the 
d heavy era when we shall be able to make a direct study of outer space and the celestial 
t” solar? bodies around us. 
n levesy' The press has often drawn attention to the stream of letters received in 
graphic Moscow from Soviet men and women and from abroad, volunteer- 
imately ing to take part in a flight on a satellite or space-ship. It may be assumed, 
Ovision however, that for very good reasons, amateurs will not be the first to venture 
atellite, into space beyond the earth’s atmosphere. 
mean’ The selection of candidates who might be admitted to training courses for 
anding. future space journeys will be subject to well-defined and strict criteria applic- 
ontinu- able to the flight conditions one may expect at the present level of develop- 
ment of rocket technology. In the interests of conserving energy, considerable 
; from acceleration is required during the active stages of the trajectory (take-off 
om all and landing), whereas the stages of free flight are accompanied by the little- 
aratus; known phenomena of weightlessness. The many problems of a living orga- 
of the nism in flight under such conditions have not yet been sufficiently investigated. 
board Even in aviation—and not merely at the start of its development but also at 
the present time—only highly qualified test pilots are at first allowed to fly 
1 with the latest aeroplanes. 
> data For these reasons the first astronauts will be young men, highly trained, 
ighout) and psychologically and physically suitable. Of course, as space flight becomes 
more familiar and advanced with the passage of time, the way into space will, 
stool’ as with aviation, be open to a wider circle of flying personnel and, ultimately, 
aratus to passengers, regardless of age and sex. 
sition 


gent | FUTURE PROSPECTS 


amm The artificial earth satellites constructed in the Soviet Union are notable 
of the for their steadily increasing weight. The weight of the first satellite was measured 
t and in tens of kilograms, the second in hundreds, and the third and subsequent 
ching} models in tons. This figure does not include the weight of the final rocket 
cated} stage, which also goes into orbit. The second satellite was six times heavier 
‘olled’ than the first, the third sixteen times; while the space-ships are fifty-six times 
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heavier than the first satellite, if the weight of the scientific instruments in te, after | 
final stage of the rocket is included. Otvaz 

To solve certain isolated problems, of course, lightweight satellites a, ‘It i 
also needed, as they make it possible to conduct experiments more economj. Went 
cally and more frequently at various distances from the earth’s surfag living 
But the chief way of mastering and penetrating space is by building heay man t 
satellites of everincreasing weight. The present weight of earth satellite) held a 
approximately 5 tons, provides a sound basis for the development of a spac, 10S€ t 
ship capable of carrying out important scientific missions, and brings near The f 
the day when man will venture into space. The 

There can be no doubt that the development of rocket technology will ng Pretin 
stop at the present level, and in the next few years we shall see considerably obtail 
heavier space-ships circling the earth. These craft may make it possible ty’ plane 
provide independent refuelling stations for astronauts, as contemplated by impo! 
Tsiolkovsky, and to solve some entirely new problems. by th 

Even at the present stage of development of natural science and technology, Centr 
however, it is possible, with confidence, to construct artificial earth satellites Carte 
for various purposes: meteorology, telecommunication, navigation, obser-, of Sci 
vation services, geodesy, astronomy, and research in many special subjects, in Kl 
And not only earth satellites, but satellites of the moon and the nearest planets, Th 

The intensive development of the various systems of artificial earth satellites the a 
by no means implies that there is less scientific value in investigating space earth 
adjacent to the earth with meteorological and geophysical rockets, which can V!S¥4 
give a rapid vertical section of the atmosphere, ionosphere and radiation belts Re 
surrounding our planet. This observation work should be carried out syste, 7°! 
matically and developed even further. the t 

In June 1960, in connexion with the Soviet Union’s programme for studying 4¢f*¢ 
the upper layers of the atmosphere and outer space, a routine launching wa ™4te 
made of a single-stage geophysical rocket. Scientific research equipment, 
with a total weight of 2,100 kilograms, including the power sources and the 
animals on board (two dogs and a rabbit), was carried to a height of 208 kilo 
metres. The rocket carried devices for producing and studying ionized clouds ™**" 
in the upper layers of the atmosphere, instruments for measuring the tension For | 
of the electrical field on the surface of the rocket, studying the structure of the oa D 
ionosphere, photographing cloud formations over an extensive area, and _ As 
investigating infra-red radiation from the earth and its atmosphere, and ) inclu 
ultra-violet solar radiation, and also apparatus for determining the compo estat 
sition of the atmosphere and its meteorological parameters at greal the r 
heights. Othe 

The rocket was fired successfully. Its scientific instruments operated according De 
to plan and the research programme was carried out in full. New material atlas 
was also obtained on the muscular tone of animals in conditions of weight-? in th 
lessness. The landing system worked accurately and the animals’ condition take 
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after the flight was satisfactory. One of the four-legged astronauts—the dog 
Otvazhnaya—was completing its fifth rocket flight. ; 

It is interesting to recall that in the early days of aeronautics before a man 
went up in a balloon, animals were sent first to see whether it was safe for 
living creatures to fly. On 19 September 1783, at Versailles, two months before 
man took to the air, a hot-air balloon made an ascent carrying a basket which 
held a ram, a cock and a duck and, for the first time, a barometer. The balloon 
rose to a height of about 500 metres and travelled 4 kilometres in 8 minutes. 
The flight and descent of the passengers went according to plan. 

The extremely arduous task, lasting several months, of studying and inter- 
preting the televised pictures of the face of the moon hidden from the earth, 
obtained with the help of the third Soviet space rocket—an automatic inter- 
planetary station—which circuited the moon on 7 October 1959, marked an 
important step in scientific progress. The basic work was carried out in Moscow 
by the P. K. Sternberg State Astronomical Institute in conjunction with the 
Central Scientific Research Institute for Geodesy, Aerial Surveying and 
Cartography. The Principal Astronomical Observatory of the USSR Academy 
of Sciences (Pulkovo) and the Astronomical Observatory of Gorky University 
in Kharkov took an active part in the work. 

The photographs of the moon’s surface were transmitted by television from 
the automatic inter-planetary station, and the radio pictures picked up on the 
earth were recorded on magnetophones, photo-recorders and various other 
visual control instruments. 

Relatively poor lighting conditions on the photographed surface of the 
moon and the resulting lack of contrast in the pictures, interference during 
the transmission of the images over hundreds of thousands of kilometres and 
defective photography gave rise to certain difficulties in interpreting the 
material obtained. 

The best technique evolved for bringing out details of the formations on 
the moon’s surface and establishing their authenticity proved to be the widely 
employed method of photometric sections, which consists in using radio 
means for the amplification of the contrasts between details on the negative. 
For this, use was made of instruments reproducing images of. the negatives 
on magnetic tape. 

As a result, 498 formations on the moon’s surface were revealed and recorded, 
including 400 on the hidden side, their selenographic co-ordinates were 
established, and between January and April 1960 a map of the other side of 
the moon was made. The material obtained was included in the Atlas of the 
Other Side of the Moon published by the USSR Academy of Sciences. 

Despite the great pains taken by the cartographers who produced the first 
atlas of the hidden side of the moon, it will, of course, be made more accurate 
in the future as further journeys into space are made and new photographs 
taken under more favourable conditions. 
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By the time a scientific expedition can be sent to the moon, space travellen 
will be provided with maps of the entire lunar surface, every bit as aden 
as maps of the earth. 

From time to time in recent years there have been reports in the press ¢ 
plans to set up towns for thousands or tens of thousands of people, either o; 
earth satellites or on the moon itself. 

Whether there is any point in such projects for the settlement of peopk; 
outside our own world in the near future is extremely doubtful. What ; 
obviously of immediate interest, however, is the establishment of expeditionary 
bases on artificial and natural satellites of the earth and other planets, ani 
on the surface of these planets themselves. The size of the teams workin 
at these bases will be determined by the nature and scope of the work toh 
done. Their purpose will be to penetrate and study space, so that the know? 
ledge acquired can be used for the further advancement of mankind. 


The earth is an excellent home for man and, like all homes, it is uniqu, 
In certain aspects of their own particular beauty, to which we are unaccuy. 
tomed, other worlds may be yet finer. But these worlds are still strange t 
man, and his existence away from the earth on other celestial bodies can & 
guaranteed only in so far as he manages to create for himself a microclimat. 
and conditions sufficiently close to those on earth. 

In addition to the means of creating the essential minimum physical and 
chemical conditions for an artificial microclimate, the problems of the bio 
logical protection of the human system from possible contact with unknow 
micro- and macro-organisms on certain celestial bodies will have to be studied. 
Sterile conditions can be created without difficulty on artificial satellites and 
space-ships. These conditions must, however, also be maintained on disem 
barkation on the surface of other worlds. 

The time is approaching when the nature of the celestial bodies can k 
studied directly, at first by automatic instruments and subsequently by ma 
himself. For this reason it is well that man should be prepared for futur) 
encounters with new forms of life. 
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A FEW ASPECTS OF THE IMPACT 
OF AUTOMATION ON SOCIETY 


by 
J. Garcia SANTESMASES 


J. Garcia Santesmases, Dr. es Sc. (Madrid), Ing. ESE (Paris), 
is professor at the University of Madrid and Director of the 
Instituto de Electricidad y Automatica of the Higher Council 
for Scientific Research. A great part of his work has dealt with 
analogue computers—he was the designer of the first Spanish 
Differential Analyser—and digital computers, particularly 
systems based on ferro-magnetic resonance effect). He organized 
the International Congress of Automation held in Madrid in 1958, 
and was vice-chairman of the International Conference on Infor- 
mation Processing held in Paris in 1959. 


INTRODUCTION 


The influence of automation on every aspect of modern life is now widely 
recognized. Yet we are still only on the threshold of a new era in which this 
influence will become increasingly apparent and will substantially affect 
our way of life. 

Since the term ‘automation’ was coined, there has been a great deal of 
controversy both concerning its suitability as a term and about how it should 
be defined so as to cover all the manifold implications of this new development 
in technology. It would serve no useful purpose to go into that controversy 
here, but we may safely say that the essential characteristic of automation is 
the elimination of the human operator from productive processeqs. This means 
the elimination not merely of physical labour which has already been dispensed 
with to a large extent as a result of mechanization, but also of the brain work 
of the operator regulating the various stages in the productive proces. The 
idea, then, is to dispense with the human link in the productive chain and 
devise an ‘automatic factory’ (and there are a few in existence already) 
in which the machines regulate their own behaviour and perform the whole manu- 
facturing process from start to finish without any human intervention. Man’s 


’ tole is thus confined to supervising the proper functioning of the machines. 


Automation also replaces the intelligence applied to routine work in adminis- 
tration and commerce as well as in industry. Thus it is possible to speak of 
a second industrial revolution. 

The question then arises as to what methods automation employs in order 
to obtain such results. If there had been no hint of them until quite recently, 
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we might well have attributed all the progress to the emergence of some ng 
fundamental principle. But this is far from being so. 

The feedback process, fundamental to automation, has been known ay 
used for many years. One need only recall as an example the centrifugal gove, 
nor invented by Watt in 1788. What is distinctive about developments j, 
recent years is the fact that on this feedback principle a coherent science hy 
been built up, beginning with the analytical study of feedback systems (o,} 
to be more precise, servomechanisms), introduced by Hazen?! and Ivanof! 
in 1934. 

The progress of automation has also been affected by other no less importayi 
factors, such as the development of the theory of information and of electronic 
‘computers (which we might well describe, more broadly, as informatiop. 
processing machines). Development of the latter during the past few years ha 
been most impressive. 

From this point of view the Spanish engineer, Torres Quevedo, may bk 
considered one of the precursors of present-day automation. In his ‘Ensayo| 


sobre Automatica’ 3 heenunciated the general principles of this science and| * 


with prophetic insight, opened the way towards what is now being achieved) and < 
so many years later. regul: 
The vigorous expansion of automation today is, furthermore, due toa Al 
combination of widely differing factors: military needs, responsible for vent 
undreamt-of advances in the technology of electronics and automatic control; _ 
the extensive development of communications; the ever increasing mechaniz- ple te 
tion of the major industries, especially in the United States of America, etc. ye 
exam 
FEEDBACK SYSTEMS an in 
since 
The simplest system of automatic control is the so-called ‘open-loop’ system.| the I 
For example, the level of the liquid in a tank may be controlled by varying the! contr 
position of the intake (or discharge) valve. If the flow of liquid in the intake and) flow. 
discharge pipes does not vary, the level in the tank will depend on the position Ev 
of the valve, which thus regulates the level. actio 
Usually the problem is more complicated. There are always factors which a cer 
disturb the working of the system. In the above example, if the flow in th If thi 
intake or discharge pipe is not constant, the relationship between the position mitt. 
of the valve and the level of the liquid will no longer be as described. To keep’ the « 
the level constant, the position of the valve will have to be adjusted by at prod 
operative whenever the level shows a tendency to change. the ¢ 
alag 
— _ ted, 
1, J, L, Hazen, ‘Theory of Servomechanisms’, J. Franklin Inst., 1934, 218, 3, 279. , furth 
2. A. Ivanoff, ‘Theoretical Foundations of the Automatic Regulation of Temperature’, J. of Inst. of Fuel, 7, 171, 1934. 
3. ‘Ensayo sobre Automatica’, Revista de la Real Academia de Ciencias de Madrid (1914). Also published in the Rev assu: 
générale des sciences (1915), Paris. be e 
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Now this task can be performed automatically. The level of the liquid is 
governed by a float connected to the intake valve by a system of levers. When 
the level falls, the valve is opened wider, more liquid runs in, and the level is 
raised. A system of this kind is called a feedback or closed-loop system, as 
opposed to the open-loop system already mentioned. 

Generally speaking, feedback systems are characterized by the fact that the 
difference (or error) between the real value of the variable which is being 
regulated and its desired value is used as a means of regulating the system 
itself. 

The error is measured by detecting devices and, after amplification, acts on 
the control mechanisms. In the example given, the variable to be regulated 
is the level of the liquid, the error detector is the float and the control mecha- 
nism is the valve. 

In the particular case in which the input variable is constant, the system is 
called a regulating system. In most feedback systems, the input varies in time 
and the object of the system is therefore to maintain a balance between input 
and output, while the purpose of the regulator is to keep the variable it is 
regulating constant despite the disturbances that may intervene. 

A highly interesting problem in feedback processes is that of stability. In 
what was said just now, the assumption is that the ‘error’ and the effect pro- 
duced on the regulating element work in opposite directions. Thus, in the exam- 
ple taken, a level higher than desired (a positive error) will lead to a negative 
action, i.e., a reduction in the intake of liquid. Such a feedback system is called 
a negative feedback. But the connexions in the feedback circuit could, in our 
example, be such that a positive error would induce a positive reaction, i.e., 
an increase in the flow. This regulating system would obviously not be stable 
since a slight rise in the level would lead to an increase in flow, thereby raising 
the level farther, and so on. The same instability would also characterize the 
contrary process where a slight fall in the level produce sa slight reduction in 
flow. Such a system is called a positive feedback. 

Even in negative feedback, the process is not always stable. The corrective 
action in the feedback cycle is not transmitted instantaneously; there is always 
a certain lag with respect to the variation in the quantity subject to regulation. 
If this quantity is greater than that required, the variation (error) will be trans- 
mitted to the comparator which will act on the regulator in order to diminish 
the output. If we can assume that this reduction due to corrective action is 
produced immediately after the increase and that the two variations are equal, 
the desired effect will theoretically have been obtained. But let us imagine that 
a lag occurs, that the feedback phenomenon takes a certain time to be transmit- 
ted, and that in this lapse of time the quantity subject to regulation is still 
further increased; obviously by the time the corrective action takes effect (still 
assuming this action and the variation in the quantity subject to regulation to 
be equal in absolute figures), the disturbance will not be completely eliminated. 
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The effect of this lag can be even more clearly understood if we suppose! they 2 
that the variation in the quantity subject to regulation is a periodic variation jn the 
with respect to the desired value. When this is so, the lag in corrective action _pehav 
may be sufficient for the reduction which it provokes—corresponding to ay thus a 
increase in the quantity subject to regulation during the positive half-periog Howe 
of the disturbance—to produce its effect during the negative half-period, with | ill-ads 
the result that it strengthens and increases the disturbance instead of correcting _ and tl 
it. This will evidently set up steadily growing oscillations and the system wil appat 
cease to be stable. So 
Now if we go on considering the feedback system with the same premises impo 
but suppose that the periodical variation in the quantity subject to regulation impo 
is of very short duration and due to some accidental disturbance in the system, * 
the system will oscillate even after the original disturbance has disappeared, y¢c7 
This disturbance acts merely as a stimulus. The oscillations it provokes can be 
unstable, stable, or damped (i.e., rapidly disappearing); this will depend on The 
both the lag in corrective action and its magnitude. In order for the oscillations| impo 
to be damped, the feedback effect must be less than the variation in magnitude Or 
of the output. In other words, the feedback system must not operate exactly; has | 
there must be a compromise between the precision of a feedback system andits _ have 
stability. The greater the system’s precision, the greater the danger of instability, towa 
To overcome this drawback and obtain a system that is both accurate and alon 
stable, the lag in feedback transmission must be reduced. There are various circu 





methods of compensating for this lag. and 
Incidentally, it should be pointed out that the feedback phenomenon andthe com 
oscillations which can accompany it are found in many situations quite alien A 


to the problems of automatic regulation with which we are now dealing, film: 
They occur in economic systems; the periodic fluctuations in business activity circt 
with their spans of prosperity and depression, studied years ago by Keynes, _ tivit 
are an example of oscillations produced in a feedback system. T 

Other examples could be given, but perhaps the most interesting case, 
analysed by Wiener, relates to human and animal behaviour. The co-ordina- | The 
tion of movements in man is based on a feedback phenomenon. The mere fact Ma 
of moving one’s hand to pick up an object on the table shows a visual feedback _fess 
process at work, observing the position of the hand and continually correcting an 
it until the objective is reached. The eye sends the information to the brain, | nun 
indicating the way in which the operation is being carried out; the brain, acting 
on this information, transmits specific instructions to adjust the working of the E 
muscles accordingly until the hand finally seizes the object. Wiener has analysed gre: 
diseases like locomotor ataxia in which the sensations experienced by the | the 
patient’s legs are not transmitted to the brain; i.e., where the feedback circuit was 
has been broken. In such a case, the patient must constantly watch his legs , a 
while walking in order to keep track of his movements, which is something 1S 
people in a normal state of health need never do. 
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To return to industrial processes, these have their feedback systems, although 
they are not always automatic. In these cases, the human operator is a link 
in the feedback chain; he reads the instruments, observes how the actual 
behaviour deviates from the desired and makes suitable corrections. Man 
thus acts as a deviation detector, as a regulating instrument and as a corrector. 
However, the progress of technology has shown the human operator to be 
ill-adapted to this regulating function when complex processes are involved, 
and the human element in the feedback loop has had to be replaced by sensitive 
apparatus which does a better job. 

So automation not only frees human operators from routine work (a very 
important social aspect); it also frees the machinery from the restrictions 
imposed on it by man’s limitations. 


ELECTRONIC COMPUTERS 


The prodigious development of electronic computers has certainly been an 
important contributory factor to th: progress of automation. 

Only 10 years ago, digital machines were in their infancy. Since then, there 
has been a constant improvement, and ever larger and more complex machines 
have been designed for more ambitious purposes. Present research is directed 
towards greater speed, greater storage capacity and smaller size. Efforts are 
along two lines : obtaining more logical computer design by simplifying 
circuits and programmes (which will itself mean greater speed of operation) 
and applying new techniques in order to produce faster and more compact 
computers. 

Among developments in this connexion are the use of very thin magnetic 
films—only a few ten-thousandths of a millimetre in thickness—of parametric 
circuits and cryogenic components based on the phenomenon of superconduc- 
tivity, and the application of microwave techniques. 

These new lines of research on computers will make it possible, in the not 
too distant future, to build machines with much greater computing speeds. 
The progress shown by computers in this respect is impressive. The Harvard 
Mark I machine, the first to be built with relays, under the supervision of Pro- 
fessor Aiken, and completed in 1944, needed a few seconds in which to perform 
an operation. Today, machines have been made which multiply 15-digit 
numbers at the rate of 500,000 per second and do 2 million additions in the 
same time. 

Even taking commercial models for scientific purposes alone, marked pro- 
gress has been made. If we take the time, including access time, required for 
the addition of two 10-digit numbers as a basis of comparison, in 1950, this 
was about 0.5 milliseconds (or 2,000 sums per second), but today some of the 





1.S. de Picciotto, ‘International Conference on Information Processing’, Impact, Vol. X (1960), No. 1, p. 53. 
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machines on, or coming on, the market have reduced addition time to aboy 
5 microseconds (or 200,000 sums per second). This operational speed will be? 
increased in the coming years and is expected to reach about 100 million sums) 
per second (10 milli-microseconds per sum) by 1970.1 However, it is no! 
thought that speeds can be increased indefinitely owing to the by no meags : 
negligible time taken to transmit signals from one part of the machine ty 
another. 

The digital computers used in automation do not work at these high speeds, | 
A whole range of machines is now employed, with operating speeds of from 
100 to about 1,000 sums per second. In other words, there is quite a wide! 
variation in speed according to the use to which they are put. Such maching; 
have been in use in automation only for the past five or six years; but we shall 




































is SUPT 
the la: 
~ sequer 
that o 
progra 
is gene 







see that their use may be expected to spread in the near future, while operating ¥ ( err | 
speeds will increase not only to meet the demands of automation itself, but pone 


because the machines will also be used to solve the administrative and commer. 

cial problems of the factories employing them. plant 
Though speeds will increase, the power needed to operate computers and 

their dimensions will be steadily reduced. Everything leads us to suppose that | pine 

the machines of the future will be nothing like the present ones. They will) = 


them 


no longer need large rooms all to themselves and it will be possible to instal] = 
them in the offices of the scientists or engineers who use them. = 
. . A , ; : _ outpu 
Will all this come to pass in the immediate future? There are various reasons B with | 
for thinking it will still take a few years for full use to be made of the new | oan 
techniques in question, at least on standard models. In the first place, there is | os 
always a lapse of time between the perfection of an invention in the laboratory accep 
and its application in industry. Moreover, it would be uneconomic for the large ties i 
manufacturers now producing the prefabricable components of computers oth 
by automatic or semi-automatic processes to have to make radical changes in | to thi 
their manufacturing technique. In other words we come up against the diffi | 
culties—which are essentially financial in character and quite alien to the | envi 
strictly technical problem—inherent in any change-over to new methods of } easy 
manufacture. princ 
| opere 
COMPUTERS IN AUTOMATION taker 
input 
Computers, both analogue and digital, are being more and more widely used impc 


in automatic processes. The range of possible uses is immense, from the small Th 
analogue computers utilized in certain phases of an industrial process, to the | 





of cc 
large digital machines which control the general running of a factory. In such perf 
cases computers are the handlers or processers of information; though they do © ing t 
perform calculations, which can be highly complex, their role is not computa neve 
is de 
1. William E. Vannah, ‘Control enters a New Decade’, Control Engineering, January 1960. | the « 
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will bet tion as such, but the working up of information received so that it can be trans- 
i 


” mitted in a form suitable for the regulation of a particular machine or process. 
‘eal F In any automatic process, the information transmitted to the computer 
' consists of the programme or instructions concerning the operations to be 
Pie f performed and the way in which they are to be conducted. This information 
; is supplied in a code which the computer can understand and which constitutes 

| * the language of the machine. The information received is processed in a 
raul sequence of mathematical operations which produce the translated output 
.. | that constitutes the actual programme for the system. The language of the 
| programme—derived from the initial one—which comes out of the computer 


+ shall } is generally a language that the units or machines in the system can understand 


Tating 7 
f, but 


‘(sometimes after certain transformations); but it cannot act directly on them, 
since the output power of a computer is very small. It is, in fact, a general 
characteristic of information-processing systems—and one which distinguishes 

ad them from machinery for the transformation of energy, or the production 

' plant of a factory—that the power involved is very small. The purpose of such 

- systems is not to perform work but to determine and supervise the way in 
, }. Which the other machines do it. Because of this low wattage, the computer’s 

output acts on power amplifiers which are what really actuate the various 
parts of the system. In the case of the digital computer, both the input and the 
output are in the form of discrete quantities. So in order to communicate 

_ with the system, the computer needs additional units or converters that either 

turn physical magnitudes (speeds, pressures, voltages, etc.) into discrete 

_ quantities (analogue-to-digital converters) which, appropriately coded, are 

» acceptable to and understood by the computer, or else convert discrete quanti- 
ties into physical magnitudes (digital-to-analogue converters)—in other words 
units adaptable to the output of the digital computer. But we shall come back 


es in | : 
diff. to this later. 


nstall 


re is 


the To be of use in automation both analogue and digital computers must meet 
1s a} one highly important requirement: they must function in real time. This is 


easy to understand in the case of analogue computers, because of the very 
principle on which they are based. For digital computers, however, since they 
operate with numbers, the requirement must be put another way: the time 

taken to compute a solution, starting from a particular configuration of the 

_ input variables, must be small in comparison with the period within which 
nal ) important variations may occur in the system controlled by the computer. 
the | The role of a computer in automatic systems may be of different degrees 
| of complexity. The simplest type is that mentioned above: operation from a 


uch | : 

a | perfectly well-defined programme at the input point with the output constitut- 

ae | ing the programme followed by the feedback system. But the computer may 
: have a more versatile role, for example, when a particular quality of product 


¥ is desired. In such cases, the results of the analysis of the initial product and 
| the operating requirements for the productive process are fed to the computer, 


’ 
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whereupon the output indicates the variations in the behaviour of the eral 
which are necessary in order to obtain the product desired. 


Lastly, perhaps the most interesting use, in which the whole wealth | 
possibilities of digital computers can be turned to account, is that of the» 
called optimization systems. Here the idea is to ascertain the optimum operating 


conditions for a productive process from a particular standpoint, such x 
working the plant to full capacity, minimum costs, maximum productivity, ef, 
The characteristic feature of such systems of automation is that the programm 
which the system is to follow is worked out by the computer itself, on th 
basis of the particular optimization criterion. The input variables of th 
computer are adjusted in the light of the results obtained in the process, th 
behaviour of which is then observed again, and so on continuously. In oth: 
words, no programme is imposed by man, it is the computer which evolyy 
it in the course of the productive process. These systems will be further discy 
sed later. 





DIGITAL TECHNIQUES IN AUTOMATION 
Transmission of information 


The techniques and circuits used in digital computers have many other appl: 
cations, and their use in systems of automatic control is being constantly 
extended. 


Here physical magnitudes, such as pressure, speed, and temperature, ar 


represented by electric signals (a variable voltage whose variations correspon() 


to those of the magnitudes). In the language of automation, the device whic 
converts a physical magnitude of a certain type into another magnitude oj 
a different type is called a transducer. In the final analysis, such devices ar 
transmitters of information. 

This transmission is carried out in analogue form, that is, both the input ( 
temperature, for example) and the output (the corresponding voltage) of th! 
transducer are variable magnitudes in continuous form. Now in many cas¢ 
it is desirable to transform an analogue signal into a discrete signal and transmi 
it in this form, even though the automatic chain does not include a digital 
computer (use of which, as we have seen, renders such conversion essential) 
Why, then, do we need this analogue-to-digital conversion? Many reasons cal 
be advanced in the favour of discrete signals instead of analogue signals it 
automatic systems. The most important one is perhaps the fact that digital 
information can be stored for an indefinite time, transmitted to any distance 
and read whenever necessary without losing any of its content. The same is 
not true of analogue signals, in which distortion occurs and part of the conten! 








is lost. Transmission of analogue signals is influenced by the signal-noise rela- 


tionship, a thing which does not happen with digital signals. Also, digital 
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nd 
e wall media are surer than analogue media in the measurement of physical magni- 
tudes like time, speed, etc. 

ealth ; Analogue-to-digital conversion can be carried out by electromechanical or 
f the | electronic means. Whatever the procedure, the idea is to change from the 
Peratiny continuous form of the curve representing the input function (variable voltage 
such x} in relation to time) to the discrete form of the output. For this purpose, let 
Vity, e us take an imaginary input curve and divide the axis of abcissae into equal 
gramm parts (representing equal intervals of time) and let us suppose that the function 
, On tk is constant for each of these intervals. Obviously we can represent this curve 
- of th in discrete form by the numerical values of the ordinates corresponding to the 
eSs, th) intervals. Undoubtedly this numerical representation of the input curve involves 
In othy} an error; but the greater the number of intervals into which the axis of abcissae 
evolys) is taken to be divided the smaller this error is; or, in technical language, the 
+ discy.| greater the number of conversions per unit of time, the smaller the error. In 
- electromechanical converters, the number of conversions is only about 10 per 
second, but with electronic converters, it reaches a million or more per 
second. 

Naturally, a very high speed of conversion is not enough. Error may be 
due to other factors, in particular the error that creeps into each of the nume- 
rical values represented by the ordinates of the input curve. These values are 
r app: represented by code numbers, that is, each ordinate will be represented by a 
stanly) group of pulses (digits) in series or in parallel. The greater the number of 

digits used in each conversion (given a specific code), the greater the 
re, arf accuracy for the same number of conversions per second. That being so, the 
espon) degree of accuracy can be determined in advance when the converter 
: which is built. 
ude of In automatic control systems, the contrary process, i.e., digital-to-analogue 
ces ar} conversion, is also important. As we have seen, each ordinate of the analogue 
curve to be reconstructed is defined by a group of pulses representing a number 
iput (fin the code. Such pulses do not all need to be of exactly the same height (this 
of thi is, of course, one of the advantages of digital techniques), since the only 
/ cass) important matter is the existence or the absence of the pulse. But if height 
ansmi| is not important in the discrete form, it is important in the analogue form and 
digital} this brings us to the need to transform pulses of variable intensity into pulses 
sntial).) Of constant height, which is done by means of gates. When there are no input 
ns cai} pulses there are no output pulses. An input pulse gives rise to an output pulse, 
vals in| the height of which depends on its position in the group of pulses that define 
digital) the number and which is always a multiple of a specific height selected as the 
stance} unit. For example, if one of the ordinates of the curve is defined by the number 
yme is} 11 and the code selected is the binary one (1011), the output of the gate corres- 
yntent| ponding to the first digit will be of a strength equal to unity, the second will 
» rela} be double, the third will be zero and the fourth digit will be of a value eight 
jigital times that of the unit selected. Obviously, when these voltages are accumulated 
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in analogue form, a voltage is obtained which, according to the scale selected, represe 
is equal to 11, that is, equal to the ordinate corresponding to the analogy S tions, ' 


curve being reconstructed. ‘from t 
; Alth 
Simultaneous information “replace 


A problem similar to the one arising in telephonic communication, whe © this m 
several conversations are to be transmitted simultaneously by the same channel | conve! 
occurs in automatic control systems when different classes of information hay ters of 
to be transmitted simultaneously. In this case too, it is of advantage to useg | data it 
single channel. , analog 
In automatic systems, the analogue magnitudes coming from different points | appro 
in the system have to be digitized (i.e., transformed into discrete quantities) | releva 
simultaneously. Clearly, one way, though not the most economic way, is to | 
use an analogue-to-digital converter for each of the analogue variables. Th Mach 
need to use a large number of converters which this involves can be avoided 
by adopting a system that uses the same unit to transmit information from | One « 
different analogue sources. The various information channels keep the trans- | their t 
mitter system ‘engaged’ periodically and for a very short space of time. During is be 
any of these periods information is transmitted from one channel only, the | over | 
other channels being blocked. Thus there is some loss of information, but Ins 
the quicker the switch-over from one channel to another the smaller this | punck 
loss is. If m is the number of channels and T the analogue-to-digital conversion 1 tions 
time, the interval of time between two successive interventions of a channel} On 
in the converter will be nT. If T is very small, for example, 10 microseconds, | of Te 
and n = 10, the time interval between two successive interventions of a parti cuttir 
cular channel will be 0.1 milliseconds. That being so, there will clearly be very | the te 


is dij 


little loss of information. by co 
in th 

} 
Interpretation of data recorded during an industrial process = 
ns 


Observations of temperature, pressure or other physical magnitudes recorded | trical 
as curves in the course of a process can be interpreted automatically by digital are t 
techniques. This is of especial importance when conclusions are required on | serve 
the general behaviour of a process under experimental study. Unless digital } In fa 
techniques are used, a whole series of routine operations must be performed, | conti 
such as translation into numerical form of the readings of the various registers | Pune 
at different moments in the process, reduction of scales, etc. With data so Tk 
obtained, suitable formulae are applied in order to compute whatever function | ftom 
of the recorded variables it is desired to ascertain; this is usually done with a | 4 tw 
slide rule or a desk calculator. It must be remembered that these formulae have cony 
to be applied to all values corresponding to a particular moment, and must | from 
again be applied to any other moments considered relevant, if a graphic | Tcti 
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selected, “representation in terms of time is to be obtained. Obviously, all such opera- 
nNalogy “tions, when performed by a human operator, are subject to error, quite apart 
‘from taking a great deal of time. 
- Although this method is still quite common in industrial processes or is 
replaced by semi-automatic procedures, the best method is undoubtedly to 
‘use digital techniques which eliminate the human element completely. With 
, when | this method, as the data are being recorded in the analogue registers, the digital 
shanne | conversion of them is effected by means of various analogue-to-digital conver- 
mn have ters or by a single converter unit with several information channels. Thus the 
© useg data in numerical form are obtained at the same time as they are registered 
_analogically and in this form pass on to a digital computer where the 
‘Pointy | appropriate formulae for each moment in the process which is considered 
Ntities) | relevant are worked out automatically. 
', 18 to 
8. The Machine tools 
voided 
1 from | One example of the application of digital techniques to automatic systems is 
trans- their use with machine tools. The so-called numerical control of machine tools 
During is becoming more widespread every day because of its great advantages 
y, the | over methods used hitherto. 
n, but! Instructions are fed to the machine in discrete (digital) form by means of 
t this | punched tape in which the holes represent the information, in code. The instruc- 
ersion | tions are then transferred, in their right order, to the machine’s own control. 
annel) One of the first machines of this type was built at the Massachusetts Institute 
onds, of Technology (United States of America). It is a milling machine with a 
parti cutting tool that can move in three directions. The outline to be followed by 
every the tool is represented by a series of rectilinear segments. These are determined 
by corresponding increases in the three co-ordinates determined by each point 
in the path of the tool. The increases are represented by numbers which are 
punched on the tape according to the code. 

Instructions from the tape go to the reader which converts them into elec- 

yrded | trical signals; they are then stored in appropriate registers from which they 
igital | afe transmitted as pulses to the control servomechanisms. There are three 
d on | servomechanisms, corresponding to the three movements the system can make. 
igital } In fact, however, there are two registers to each servomechanism so that one 
med, | controls the servomechanism while the other receives instructions from the 
sters | punched tape. 
a $0 | The servomechanisms really act as digital-to-analogue converters. Pulses 
tion | from each register are converted into the rotation of a particular axle (1 pulse = 
tha | 4 twist of 1 degree). A feedback system ensures that this digital-to-analogue 
have | CONversion is carried out correctly, and any discrepancy between the pulses 
nust i from the register and the angle through which the axle should turn is at once 
phic | rectified. 
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The rotation of these axles is transmitted by means of synchros to the oo — 
mechanisms which really act on the machine. “tothe 
Feedback circuits ensure that each of the elements performing the mechanigj of ope 
work of the machine obeys the instructions sent by the synchro transmittey ‘superv 


as electrical signals. with tl 
“has hi 

Optimization invent 
transfe 


There is now a:trend towards making automatic regulation systems s¢f. perfor 
adjusting for the purpose of achieving optimum regulation. The idea i is to 
carry out the industrial process in question under the best possible conditiea} PROGR 

from the standpoint of a pre-selected objective, such as minimum cost ¢| 
maximum output. To do this, the input variables are first set at values whi! Until: 
should give the desired result. The effect of these values on the behaviow produ 
of the system is then observed in order to see what variations have to & jindust 
made in the input variables. The effect of such variations on the whole coury or ele 
of the process is observed, in turn, and so the procedure of adjustment gos) trializ 
on until the desired improvement in the operational process is obtained. autor 
Obviously this method of achieving optimum operating conditions can k techni 
worked by a human operator provided he is highly adaptable and, in addition Alt 
to being able to bring the input variables properly into line with the propose ters it 
objective, can also react and adjust himself perfectly to unforeseen or abnormal to us¢ 
behaviour in the system he is regulating. However, despite the undoubted progr 
qualities of competent human operators, automatic optimization systems oftes} is to | 
show better results, since they can take in instructions so detailed and comple table. 
that it would be difficult for a human operator to follow them—even if he gay’ exam 
them full attention and was not affected by fatigue. Without a doubt thisux Bu 
of automation, like the others we have mentioned, is a perfect field for th utiliz 
application of digital techniques. A digital computer, starting from the equ being 
tions relating the input and output variables, can determine the values to bk’ expec 
given to the group of input variables after each operation in the optimization digite 
process. The computer is usually tied into the feedback circuit, and in cass He 
where only part of the requisite information is known, the computer compen sudd 
sates for the lack of information. _ not t 
These automation systems are likewise of great value in dealing with comple!) feedt 
processes which cannot easily be programmed by man, or which would, cont 
at any rate, take up much time. For example, they are used to determine tht) the | 
best possible load distribution in a power supply network.! _ and 
Computers also replace man in the supervision of entire productive processes, ¢xpe 
This makes for greater efficiency in present systems and will make it feasibk| 01 
to use productive processes hitherto beyond the range of possibility, owim? be o 
| auto 


1. E. L. Harder, ‘Computers and Automation’, Impact, Vol. X (1960), No. 1. 
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‘to the limits to which the complexity of a factory can be carried or to the speed 
echanil of operation, or to the limitations of the human operator who would have to 


NsMitten 


supervise the work. A computer has no such limitations. So we are now faced 
with the surprising fact that man is unable to compete with the machines he 


‘has himself invented. This should not really surprise us, however, for before 
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inventing information-processing devices, man created machinery for the 
transformation of energy, and we are accustomed to seeing this machinery 
perform physical labour beyond the power of man. 


PROGRESS IN AUTOMATION 


Until now, automation has developed chiefly in industries with continuous-flow 
production like the chemical, petroleum, electric power and iron and steel 
industries. Mass production industries, such as those producing motor cars 
or electrical equipment, also lend themselves to automation. The more indus- 
trialized countries have proved the most fertile ground for the growth of 
automation because there the industries which lend themselves best to this 
technique are highly developed. 

Although, as has been shown, there is increasing scope for the use of compu- 
ters in automation, there are industrial processes in which it is not essential 
to use them. For instance, in simple manufacturing processes following a fixed 
programme where the operational cycle is always the same, all that is necessary 
is to ensure that the operations are performed in the right order and to time- 
table. Open-loop processes exist—in the food industry and packaging, for 
example—in which there is no feedback. 

But as a rule, automated mechanical, chemical, electrical and other processes 
utilize the feedback system, with or without electronic computers. These are 
being employed more and more. The United States of America, for instance, 
expects to have this year at least twelve large chemical factories run by 
digital computers and a fully automatic factory for electrical appliances. 

However, generally speaking, such progress in automation is not achieved 
suddenly in industry, but in stages. This is due to various considerations, 
not the least of which are the financial ones. Partial automation is introduced; 


, feedback systems are successively installed, all of which will eventually be 
_ controlled by a computer. In the power production and supply industry in 
_ the United States of America, automation is being introduced in this way 


and the first fully automatic power production and distribution system is 
expected to be in operation by 1970.4 

One development in automation that is rapidly spreading and will probably 
be of great importance in future is what might be called ‘remote control 
automation’ (or ‘tele-automation’) in which the signals issued by the control 


—_—_—_— 
1, William E. Vannah, op. cit. 
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units of the system are transmitted from considerable distances. This syst, | rude 
clearly has great potentialities in industries with a large number of Wide) highe 
scattered plants, as it enables the latter to be controlled and regulated by, lige™ 
central unit. - intelli 

Automation is becoming steadily more ambitious in its aims, and its sco, # cle 
is spreading beyond production processes to the entire organization g MS! 
enterprises. As things develop along these lines, the production process will 2 th 
governed by a feedback system, which is itself part of an elaborate system ¢ strict 
feedback units. The control unit for the manufacturing process would have y Fo 
its input variables orders emanating from the central control, the conclusioy ' * 
of market surveys, instructions from the engineering department, etc., whig POSS 


would fix the volume of production. _ ~opme 
phen 
ARTIFICIAL ‘THINKING’ SYSTEMS ment 
mach 


Apart from the applications already described, there are other extraordinarily deme 
interesting fields commanding the attention of a host of research worken, of a 
all of whom have one aim in common: to develop machines or instrument dinat 
capable of replacing man in tasks which, though they require intelligence, ‘©! 
are of a routine nature, as, for example, pattern recognition, translation of lates 
languages, machine learning and retrieval of information. post 

These devices, usually grouped under the common heading of ‘thinking) *“ © 
machines, offer a common ground of study for a variety of disciplines: physics, ™™ ‘ 
mathematics, biology, physiology, psychology and linguistics. As a result theor 
specialists who, a few years before, were all cultivating their own little cornen whic! 
of quite distinct scientific subjects, oblivious of one another’s existence, have 
now been brought together and pursue their research work as a team. This 
team work is bearing excellent fruits, since any progress in one field gives 
deeper insight into the problems in other fields. 

The name given to these machines naturally tempts one to ask whether 
they can think. Do they really possess intelligence? The answer depends on 
what is understood by intelligence. If the performance of certain calculations | 
or of specific processes of elementary, logical reasoning, which can be dom 
by a human being but also by a machine are to be regarded as feats of intelli 
gence, it would appear that, as far, and only as far, as the particular activity | 
in question goes, a certain degree of intelligence must be attributed to the| 
machine. ECON 

If we go higher in the scale of the feats of intelligence which may be performed Ther 
by the human mind (without necessarily going so high as those performed | 
by a scientist in discovering new laws or the essays of a philosopher) there } = 
is no doubt that, at least in the present stage of automation, no machine cal ve 
do them. ‘D 

This suggests that we may either assume two degrees of intelligence, ome) * 


So 

me) 
co 
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crude or elementary, shared by both human beings and machines, the other 


f wida higher and reserved to man, or else we may give a narrower meaning to intel- 
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“ ligence as a creative activity and not regard the processes in the first group as 
intelligent at all. This is all a question of terminology, out of which perhaps 
a clearer distinction will one day emerge. In any case, no distinction will 
constitute a hard and fast dividing line, because the progress of automation 
in this field will steadily reduce the scope of the second group, that of the 
strictly creative intelligence inherent in the human personality. 

For a number of years, various teams of investigators have been working 
to establish programmes for computers and to design special machines 


) possessing a new power: the power to learn. This work began with the devel- 


opment of special programmes involving the creation in the computer of a 
phenomenon similar to conditioned reflexes in animals. Recent develop- 
ments! are programmes for demonstrating fundamental logical theorems, 
machines which develop their own programmes, and a special machine to 
demonstrate geometrical theorems. This last machine consists, in principle, 
of a heuristic computer which proposes demonstrative sequences, a subor- 
dinate computer which makes deductions and an additional computer whose 
role is to construct geometric figures (it does not really draw them, but calcu- 
lates their co-ordinates). The subordinate machine tests the demonstrative 
processes proposed by the first machine in order to ascertain whether they 
are correct. The heuristic computer contains a series of rules for deciding the 
new course to take after each unsuccessful attempt to demonstrate the proposed 
theorem. These rules are so selected as to keep back demonstrative sequences 
which, a priori, do not offer much likelihood of success. 

Undoubtedly this machine, like the other experimental models behaves 
‘intelligently’. However, it does not progress on its own, or, in other words, it is 
incapable of developing its own structure and can therefore solve only the type 
of problems which were in the mind of the man who designed the machine. 

Another interesting field of investigation is that of the automatic translation 
of languages. The complexity of language was brought fully to light when 
attempts began, a few years ago, to use digital computers for the translation 
of texts from one language to another. Considerable material has been published 
on this subject in different countries, and the most recent work indicates that 
steady progress is being made.” 


ECONOMIC ASPECTS 


There are many different reasons for the progress of automation. In a few 
cases, it has been introduced because it is the only way of manufacturing the 


1. S. de Picciotto, op. cit. 
2. S. de Picciotto, op. cit. 
D, J. Panov, ‘Machine Translation and the Human Being’, Impact, Vol. X, (1960), No. 1. 
E. Delavenay, ‘Machine Translation of Languages: Research and Organizational Problems’, ibid. 
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) 
product. Many new articles have been and will in future be produced whig, 
it would have been impossible to obtain without automation. In other casg 
the basic reason is the desire to obtain more durable products of better quality 
In some industries, in mining, thermal power stations and chemical works 
for example, the main consideration behind its introduction is industrig 
safety. Greater operational reliability can also be a reason for automation; 
in the Soviet Union, automation in hydro-electric power plants has appr. 
ciably reduced the number of breakdowns. Elsewhere, automation reduce 
the specific consumption of raw materials and the amount of waste. 

As a general rule, more capital is needed to automate a factory than t 
fit it out with conventional means of production. If a factory’s existing plan) 
is to be replaced by automatic machinery, the capital outlay is generally a 
even greater problem. This is not always the case, however. The adoption of 
automation may, in some instances, actually lend to a saving on capital outlay, 
For example, the fact that automatically controlled machinery does not gene 
rally take up so much room makes it possible to effect economies in the spac 
required for machinery. 

In any event, the most important ground for introducing automation is 
usually the possibility of obtaining a better economic yield in manufacturing 
by setting free part of the manpower previously required and increasing the 
efficiency of the remaining staff. This is the main incentive to turn factories 
over to automation. The increase in the amount of capital tied up is compen 
sated by a reduction in manpower. 

The fear that rendering manpower redundant in this way may lead to 
unemployment is one of the gloomier aspects of automation. However, there 
is no need to be pessimistic on this point; it is enough to recall that the same 
fear was rife during the first industrial revolution, which nonetheless bestowed 
undoubted benefits on mankind. 

All this suggests that, though spreading rapidly, automation will not take) 
the entire industrial world by storm, because in most countries there ar 
a number of factors, many of them economic, which tend to delay its adop 
tion. This gradual character of the process of automation will lessen the 
incidence of unemployment. As a matter of fact, in the industrially mos 
advanced countries, which offer the most favourable ground for the growth 
of automation, the economy is expanding, and there is a shortage of manpowe! | 
and technical and scientific personnel. 

Even if automation does cause a certain amount of temporary unemploy- 
ment (and this will depend on the rate at which it is adopted), many schemes 
have been suggested for reducing the hardship to a minimum. One of them 


consists in improving the technical qualifications of workers affected by) 


automation so that they can supervise and do maintenance work on the very 
machines which replace them in the factory. This could only be a partial’ 
solution, since automation normally leads to a reduction in the total number 
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of workers in the plant. Then again, not all workers will be able to face such 
a change of role. 

A better solution might be to establish vocational schools where workers 
could learn another trade more in line with the demands of automation. 
However, this would undoubtedly not be suitable for workers so poorly 
trained as to be incapable of learning a new job. We shall have to expect 
difficulties of this kind during the transition period, but it will be for 
the firms themselves to try and solve them, possibly with State assis- 
tance. 

Governments could help by launching large public works schemes which 
would both benefit the country and absorb workers temporarily thrown out 
of employment by automation. 

The problem will also be mitigated by another important consequence of 
automation, the shortening of the working day, which will mean an increased 
demand for labour. Then, too, it will be possible to absorb some of the redun- 
dant workers in industries which have not yet been automated and in new 
industries emerging as a result of automation, such as those manufacturing 
automatic machinery. 

Another economic problem is the steadily increasing need for new capital 
investment to keep pace with the growth of automation. The nature of this 
problem will undoubtedly depend on the economic and industrial situation 
in individual countries, each of which will accordingly evolve a policy of 
its own. 

Although the benefits which mankind will derive from the steady change- 
over to automation are obvious, it is not yet possible—mainly for lack of 
sufficient data—to be at all definite about its possible repercussions on the 
general economy of each country. 

International co-operation will probably be necessary in order to obtain 
accurate information on the results of automation in the various countries, 
and encouragement will have to be given to studies of the relationship between 
automation and higher productivity, general capital investment policy, the 
establishment of industries, etc. 

The Organization for European Economic Co-operation has already begun 
work on these questions and it is to be hoped that such studies will make it 
possible to guide the development of automation along the right lines, econo- 
mically speaking. 


SOCIAL ASPECTS 


A highly important social aspect of automation is the replacement of the 
worker in the humdrum work that Chaplin satirized in one of his films. 





1. Earl of Halsbury, ‘ Automation—Verbal Fiction, Psychological Reality’, Impact, Vol. VII (1956), No. 4. 
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Automation, as Wiener aptly put it, will lead to the human use of huma! 
beings, eliminating assembly-line work in factories and monotonous off, of aul 
drudgery in which man has hardly any opportunity to use his intelligeng, creati 
Freed from this servitude, people will be able to devote themselves to creatiy, their 1 
work that calls for initiative. Workers will in any case be needed in factorie, The 
even in fully automated ones, but they will do a different job—either supe. fines i 
vision and maintenance or else programming of the work to be done. Dutig The 
of this kind, however, will raise the worker’s status and give him great, 


If 


- in its 
importance and self-respect. ssid 

Undoubtedly there are forms of work which by their very nature do no made 
lend themselves to automation; for example, building houses, bridges an( - 
dams and work in the fields. But even if such activities do require musculy’ er 
effort, they certainly cannot be compared psychologically with the monoton trend 
and interminable repetition of the same operation in assembly-line work. 

More leisure will, it is to be hoped, lead to higher educational and cultura 
standards among the general public and give it more time for sports, travel, — 
entertainment and so on. A secondary effect of all this will be the developmen, By ¥ 


of enterprises catering for public leisure-time needs, bringing with it th deve 
emergence of new industries and the expansion of existing ones. These indus. Leos 
tries, known in the United States of America as ‘leisure industries’, have)... 
taken on surprising proportions today. According to a statistical study, the tech 
United States public spends about $32 million annually on leisure goods and feel, 
services—twice as much as for motor cars and half as much as for food, thas 
With the inevitable increase in free time resulting from automation, the leisur, At t 
industries will expand still further and create needs, many of them artificial 
ones. by 1 

One of the heaviest responsibilities of those who govern us will be toty 
and exert a wholesome influence on leisure-time activities with a view to c 
broadening public culture, preferably on humanistic lines, so as to counteract 


are 


cou 
the materialistic mentality which could arise in a world dominated by aute’ _., 
matic technology. of 


Here we come to another important point: the need for new teaching ,, 
and training methods in tune with the new civilization which is now emerging. 


inv 

The era of automation will require an ever-growing number of techniciams,| ,. 

but at the same time will need scientists and engineers with a creative bent;| 
these will have to have a comprehensive and eclectic scientific and technical 


education to enable them to talk with the technicians in their own language 
and find new paths through the maze of problems of increasing complexity 
with which automation will confront us in future. ha 
The technical ‘general staff’ who will form this elite will need to have 2 
solid and thorough scientific and technical training followed by broad vocational) ,, 


1. Frederick Pollock, L’ Automation, Paris, Les Editions de Minuit, 1957, p. 134. L. 
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ae 
training embracing different specialities. Alongside these scientific leaders 
of automation who, with their panoramic view of the whole field, will be 
creating a new technology, there will have to be a host of specialists to put 
their new ideas into practice. 

The vocational training of workers will also have to be reorganized on new 
lines in keeping with the new trends in technology. 

The development of automation with all the economic problems that follow 
in its wake will also mean training a new class of managers of industrial under- 
takings. Until recently, good administrators were thought to be born, not 
made; the management of a business was looked upon more as an art than 
a science. However, quantitative theories have been evolved in recent 
years which will give business administration an increasingly scientific 


trend.} 


AUTOMATION IN THE LESS DEVELOPED COUNTRIES 


By way of conclusion a few words should be said on automation in the less 
developed countries. Opinions differ on the subject. Authors, among them 
Leontief, believe that automation can have the greatest success precisely in the 
less developed countries, because there it is possible to skip certain stages of 
technological development. Since skilled labour does not exist, it will, they 
feel, be easier to train the small band of technicians required by automation 
than to create a large labour force for conventional modes of production. 
At the same time, the economic problem with which the developed countries 
are faced when modifying existing systems of production or replacing them 
by new ones, simply does not arise in less developed countries where little or 
no industrial plant exists. 

Other theories maintain quite the contrary, namely, that little industrialized 
countries cannot take short cuts to progress in production technology but 
must go through successive stages before achieving the production methods 
of more developed countries. This would be all the more true of automation. 
The theory is based on the argument that, given a certain relationship between 
invested capital and manpower costs, industry cannot develop in such a way 
as to cause an abrupt change in this relationship—as would occur if there 
were a great increase in capital investment for automation purposes. In other 
words, in the less developed countries where labour costs are low, capital 
investment must be commensurate with them and, thus, be on a limited scale. 
It is argued, with even more reason, that these countries, in any case, do not 
have much capital to invest. 

Between these two attitudes, one optimistic and the other pessimistic, there 
may be a middle view which we should consider. 


1, Alexander King, ‘Management as a Technology’, Impact, Vol. VIII (1957), No. 2. 
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With regard to the two factors—capital and labour—we have seen tha 
in most cases, the automation process means a saving on the second and an! 
increase in the first, so that, from this standpoint, it would not seem advisab}, 
to introduce automation in the less developed countries. But this is not alway; 
the case; there are instances where automation techniques involve a reductio, 
in the amount of capital employed. In other cases, the introduction of auto. 
mation results in economies in both capital and labour—which suits th 
less developed countries very well, since the saving on both production factoy 
at the same time makes it possible to set up new industries. 

Moreover, even automation processes which save only on manpower cap 
be of interest for backward countries which are trying to find the most Suitable, 
new industries for their economies, i.e., those which do not involve replacing 
existing equipment or heavy capital investment. We have already seen that’ 
one of the advantages of automation is to produce better and more cheap) 
than with conventional processes; consequently automation, providing its 
introduction is not too big a financial burden for the country, will be a benefit 
in the long run and a source of foreign exchange. 

Exactly how and at what rate automation is to be introduced will have to 
be the subject of very careful study with due regard to the sum of economic 
and industrial factors in each country. But the social impact of automation 
will, we hope, be so great for mankind, its advantages so considerable and the 
new way of life it will offer us so full of promise, that it is difficult to believe 
that it can be enjoyed only by certain countries, however many economic! 
arguments may be advanced in defence of such a thesis. 
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EXPLORING THE OCEAN DEEPS 


by 
L. A. ZENKEVITCH 


L. A. Zenkevitch, professor at the Moscow State University, 
corresponding member of the Academy of Sciences of the USSR. 
For 10 years Professor Zenkevitch has been chairman of the 
National Oceanographical Committee of the USSR and a member 
of a number of international committees concerned with oceano- 
graphy including the Unesco International Advisory Committee 
on Marine Sciences (IACOMS). He is the author of a work 
in two volumes entitled The Fauna and Biological Productivity 
of the Sea (1947 and 1951). In 1959 he was awarded the 
highest distinction of the French Institute of Oceanography, the 
Prince Albert I Medal, for oceanographic research. 


Closely guarded in the depths of the ocean lie secrets of vital importance 
to numerous branches of science—geography, geology, geophysics, biology, 
to name but these few. Man’s use of the surface of the seas and oceans for 
navigation and of the coastal waters for obtaining animal and vegetable 
matter as food goes back to the earliest period of human culture. But for 
many thousands of years he did no more to master its mysteries than work 
out certain astronomic rules for navigation, develop primitive instruments 
for fishing and at times for hunting its great mammals, or comb its beaches 
for invertebrates and plants of various kinds for food and other economic 
purposes. 

The accumulation of effective knowledge about the ocean began about a 
hundred years ago, but it is only in the past few decades that the profound 
and varied practical importance of the seas and oceans to man has emerged, 
and not until even more recent years has there been a real appreciation of the 
tremendous potentialities of these expanses of water that cover 71 per cent 
of the surface of the earth. The study of the open oceans and particularly 
of the ocean deeps is an entirely new venture. 

It is now obvious that many of the most vital problems of geography, 
climatology, geology, geophysics, geochemistry and biology cannot be solved 
without a sound knowledge of the phenomena and processes that lie hidden 
beneath the surface of the oceans, in the deposits and configuration of the 
ocean floor, and in the depths of ocean waters. 

The need for exploiting the organic, mineral and energy resources of the 
open oceans far from the coasts, and of the floor deposits and the underlying 
earth’s crust, has increased enormously and confronts science and industry 
with entirely new problems. The airspace above the oceans has become a 
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a 
highway for countless aircraft and guided rockets, while many submariy 
navigational problems are now awaiting new solutions. | 

In all fields of oceanography, new methods of study have been evolyg 
which oceanologists never dreamed of even 10 years ago—seismography 
gravimetry, hydroacoustics, hydro-optics, photography, television, isotopi 
analysis methods, deep water bathyscaph descents, probing the whole thickneg 
of floor deposits and even the underlying earth’s crust—all these and many consti 
other methods reveal new problems and cast new light on old ones. Oceano. chron 
graphy today is growing and developing apace; the fantasy of yesterday ha and f 
become the fact of today; each year brings new and notable achievement; given 
In 1958, the Nautilus made a submarine journey below the whole of th} |, is ; 
Arctic ice-cap, and in 1960 a bathyscaph with human beings aboard descended a] p 
to a depth of about 11,000 metres in the Mariana trench. Before long, boring pyre 
will be made on the ocean floor through the whole depth of the deposits ani we 
through the earth’s crust. The ocean’s secrets are rapidly being wrested those 
from it by science. perio 

The study of oceans—oceanology—is progressively taking shape, with its ably 
conceptions of the close connexion and interrelationship between the geo rate 
logical, physical, biological and chemical processes and phenomena occurring! as di 
in the ocean, and its quantitative evaluation of these processes and pheno _t: 
mena. Very often, the study of one set of phenomena is found to be impossible Wor 
without a knowledge of other allied processes, for only with such knowledge | seas, 
can we gain our over-all view of the whole complex of processes dependent secti 
on the physical and chemical characteristics of the vast mass of water involved.' out 
Oceanology is now approaching the stage at which vast generalizations can be It 
made and at which the general laws governing oceanic phenomena can be char 
formulated. of o 

We shall confine ourselves in the present article to problems relating to _ posi 
the study of the ocean deeps; questions concerning fisheries, navigation or, part 
climatology will thus be left to one side or touched on only incidentally. T 

Oceanologists at the present time are particularly interested in the ocean seas 
deeps, which still hold many secrets and may well provide answers to a number | by | 
of major problems concerning the history and structure of the earth. The| Red 
floor deposits, which have accumulated throughout many hundreds of millions thic 
of years, preserve within them the records of earlier geological ages in their | kilo 
successive phases. This chronicle which needs to be carefully read page by page,| — I 
stratum by stratum, contains evidence on the history not only of the ocean | a p 
itself and of the earth’s crust, but also of the atmosphere above it and of | 40. 
cosmic space. A thorough understanding of the ocean deeps and of the ocean | ce 
bed is as important a matter, both in theory and in practice, as the mastery ; / 
of space. | oce 

Now, as we stand on the threshold of vitally important discoveries in the mo 
study of the ocean deeps, we must qualify our statements with such words CON 
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as ‘probably’, ‘possibly’ and ‘presumably’; but we can safely say that within 
the next few decades these qualifications will no longer be necessary. 


HOW THICK ARE THE DEPOSITS ON THE OCEAN FLOOR? 


A record without dates is meaningless; and this is as true of the record 
constituted by the deposits on the ocean floor as of any other historical 
chronicle. It is therefore a matter of first importance to know their thickness 
and rate of formation, or to be able to determine the absolute age of any 
given stratum—each of these methods being a means of checking the other. 
It is also necessary to know how the deposition rate varied in earlier geologi- 
cal periods. Once these initial facts are known, we can decipher the chronicle 
buried in the ocean floor deposits. 

We still have no evidence to support the view that the settling rate during 
those earlier periods differos from what it is now. It varied from one geological 
period to another, of course, and in the northern hemisphere it was consider- 
ably greater during and especially after the Ice Age than it is at present. The 
rate of accumulation on the ocean floor of volcanic debris likewise varied, 
as did possibly also that of material from cosmic space. 

It is quite certain that the settling rate differs widely in different parts of the 
World Ocean: in the coastal sections, to say nothing of the epicontinental 
seas, it is possibly a hundred or even a thousand times greater than in the 
sections located furthest from the land masses; it is probably lower in the 
southern hemisphere than in the northern hemisphere, and so on. 

It is highly probable, as regards this last point, that the analysis of vertical 
changes in the settling rate, combined with the dating of strata and the use 
of other methods, will in due course provide a basic index for judging the 
position of particular sections in relation to the land masses at the time when 
particular strata were deposited. 

The present rate of accumulation of sedimentary rocks in epicontinental 
seas is very rapid, as it was in the past. In recent years, expeditions sent out 
by the Lamont Geological Observatory (United States of America) to the 
Red Sea and the Gulf of Aden have revealed floor deposits six to ten kilometres 
thick. The Miocene sea deposits in the northern Caucasus are up to four 
kilometres thick. 

If we assume in this latter case that these deposits have been formed over 
a period of 10 million years, the average settling rate works out at about 
40 centimetres per thousand years, as against only a few millimetres in mid- 
ocean. 

A number of facts have been established in the last few years, confronting 
oceanographers with problems which are difficult to solve at present. Enor- 
mous areas of the ocean bed, particularly in the Pacific Ocean, are solidly 
covered with ferro-manganese concretions. Their total quantity, in the Pacific 


129 








Exploring the ocean deeps 





ee —— 


Ocean alone, amounts to thousands of millions of tons. There are also indica. 


jntrica 
tions that the rate of accumulation of the ferro-manganese layer is aboy metres 
2 millimetres in 1,000 years, whilst the concretions are, in some cases, 6-8 mill. constr 


metres deep. How is it that, at this rate of growth, they can be seen lying qo the 
the very surface of the ocean floor, entirely uncovered by silt, as is Cleary The 
shown in the photographs? It can only be assumed that there are large area! ‘Tries 
of the ocean bed, amounting to tens of millions of square kilometres, wher degree 
floor deposits practically do not accumulate. There is another enigmatic poigi study 
here. The ferro-manganese concretions contain, besides manganese and iron, throu: 
a selection of rare elements—nickel, cobalt, copper—which are dissolved jy cal hit 
insignificant quantities in sea water, but are concentrated in the concretion} gatior 
in hundreds of millions of tons. Where do these rare elements in the conere, of th 
tions come from—from the earth’s crust or from the water? How is this their 
gigantic concentration brought about—with the participation of micro If an 
organism or without it? only } 
What an achievement it would be if we could produce maps of the Work sea bi 
Ocean with isolines showing the rate of accumulation of deposits, especially’ espec 
in strata, with their dates of formation! To do so, however, we would haveto makit 
obtain hundreds and hundreds of very long bed cores from different parts of in va 
the ocean. The question is, how is this to be done? The usual type of geological Leavi 
corer used in oceanological research gives bed cores 10-20 metres long. The depo: 
largest core sample obtained, by the Vityaz in 1951, was 34 metres long. than 
All this, however will not enable us to reach even the deposits of the Tertiary 
period, or at best only their very topmost section. It is unlikely that geological yow 
corers will be able to give longer core samples, or that the samples will be | 
obtainable in large numbers, for the process of getting them is difficult and! If we 
unreliable. Oceanological practice must obviously develop its own method | the F 


of boring the sea floor. oceai 
} the t 

CAN BORINGS BE MADE IN THE EARTH’S CRUST? micr 
600- 


Surprising results may be excepted from the plan worked out in the United At 
States for boring the earth’s crust beneath the ocean. If successful, it will ont 
be one of the greatest scientific achievements of our time. Its consequences _ grap 
cannot be overestimated: it will provide the answers to many of the key unde 
questions connected with the theoretical and the practical aspects of harnessing form 
the resources of the oceans, and will be a starting point for the further successful | ocea 
development of geology, geophysics, oceanology, palaeoclimatology, palaeo- | silt 
geography, palaeobiology and biochemistry. In particular, it would provide Tl 
a much-needed ‘point of departure’ for the type of palaeographic reconstruc- } five 
tion mentioned above. (b) | 

Boring from a ship (which costs as much as $15 million) is out of the question ' now 
as a general method of oceanic research on account of the great expense and rate 
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intricate shipbuilding work involved. If bed cores tens and hundreds of 
metres long are to be obtained in large numbers and with relative ease, a specially 
constructed independent boring plant will have to be made and let down 
to the ocean floor at depths of five or six kilometres. 

The recent descent (in January 1960) of Jacques Picard’s bathyscaph, the 
‘Trieste’, to a depth of 10,919 metres in the Mariana trench justifies a certain 
degree of optimism regarding the construction of a plant of this kind. The 
study of hundreds of core samples of oceanic deposits obtained in this way, 
through a thickness of hundreds of metres, will enable the spotlight of geologi- 
cal history to be turned on many phenomena which urgently require investi- 
gation. But, before considering this subject in detail, mention should be made 
of the excellent results obtained by ‘sounding’ floor desposits throughout 
their whole thickness with the aid of yet another method—seismo-acoustics. 
If an explosion is set off on the surface of the sea, the sound wave will not 
only reach the ocean floor and be reflected by it but will also penetrate the 
sea bottom and reflect variations in the physical properties of the floor deposits, 


j ; ; 
_ especialiy when it encounters the crystalline rocks of the earth’s crust, thus 


making it possible to determine how thick the deposits are. Oceanologists 
in various countries are already equipped with a mass of data of this kind. 
Leaving aside the various observations made in coastal waters, the total floor 
deposit thickness in the open ocean has been found to be considerably less 
than might have been expected. 


HOW OLD IS THE OCEAN? 


If we assume the age of the ocean—of its oldest parts, at any rate, such as 
the Pacific—to be 2,000 million years and the settling rate in the parts of the 
ocean floor furthest from the coasts to be 5 millimetres per thousand years, 
the thickness of the floor deposits should amount to 10 kilometres. However, 
microseismic waves indicate a thickness of only a few hundred metres, or 
600-1,000 metres at most. What is the reason for this discrepancy? 
Attention must be drawn, in the first place, to the highly significant data 
on the subject reported by Dr. Hamilton at the first International Oceano- 
graphic Congress. According to him, the deposits must be assumed to have 
undergone considerable ‘packing’ under the weight of the subsequent deposits 
formed above them. Dr. Hamilton postulates, in the case of various types of 
ocean beds, that it must have taken between 2,580 and 5,000 metres of original 
silt deposits of various kinds to produce 1,000 metres of dense deposits. 
This still leaves a considerable discrepancy, to explain which there are 
five possible answers: (a) the World Ocean is only half as old as we supposed ; 
(b) the waters of the Pacific were not always in the same place as they are 
now; (c) there has been a considerable increase, of 2-3 times, in the settling 
tate; (d) the settling rate in mid-ocean is 2-3 millimetres a year, and not 
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4-5 millimetres as is generally assumed; or (d) there are errors of some kin, of dec 
in the method of determining the total thickness of deposits. short 

The first of these hypotheses is the least probable. At the very beginnin of lan 
of the Palaeozoic, the stage of evolutionary development of sea fauna wy ing p2 
already so advanced (with all types of animals in existence) that we my the W 
assume it to have had a far longer history before the Palaeozoic than after, what 
The English geologist Marr has rightly pointed out that if we were to try analy: 
write the complete history of the earth in ten volumes, nine of them wou millio 
be devoted to the Pre-Cambrian period. 

The second hypothesis is also improbable. The ocean bed, at least that of viel 
the Pacific, was not dry land, and what is now dry land was not deep-lyin? 
ocean bed. Thus, the huge volume of water in the ocean, over 1,300 milli, The f 
cubic kilometres, with an average depth of about 4,000 metres, is compatibk histor 
only with the assumption that these ocean basins have always existed. range 

As to the settling rate, we have as yet no evidence to support the viey radio- 
that it has increased during the ocean’s history. We still know too little abou, co" /( 
what the settling rate is in mid-ocean sections, and further data needs to  phie 
collected. to an 

The fifth hypothesis, that there may be errors in our methods of determinin, ¢ssen' 
the lower level of the floor deposits and hence in determining their thickness, tion. 
deserves careful consideration. Is it not possible that under the influenced _‘If ' 
tremendous pressure from above and conceivably also of great heat from below, 4 ma 
the lower level deposits, at a depth of over 600-1,000 metres, undergo funda depos 
mental changes, and perhaps recrystallization, as a result of which they may 40sw 
react in the seismic field like bedrock? How else can we explain the fact tha) mane 
the present methods give identical values for the thickness of the floor deposit) thesis 
in different places? The reason is surely that the deposits undergo radicd whet 
changes at a given constant depth. The proposed boring of the earth’s crus We s 
below the ocean bed will provide us with full information on the total thicknes, Atlar 
of the floor deposits and their lower levels, and the question will be whether An 
the thickness data obtained by boring tallies with those yielded by seismo Nd | 
acoustic analysis. of th 

It might be advisable, with this consideration in mind, to make the proposed indic 
borings at a considerably greater distance from the coastal regions—in mi¢- the ¢ 
ocean, well away from both land masses and islands. Boring in the Pacific’ if no 
is probably far more promising from the standpoint of anticipated results, We 
but it would be extremely useful to make borings in both oceans so as to Ff S@ 
obtain material which could be compared. fresh 

The idea of the compacting of the ocean floors and the resultant loss of their “5S! 
water content, with an inevitable reduction in volume, is a very interesting these 
one and raises yet another question. If a contraction of that nature does W°Te 
occur, it should take place not only vertically but also horizontally. Wher! 204 
is the evidence of horizontal contraction to be found? Perhaps in the system ©" 
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of deep water depressions—fissures in the ocean floor which last only for a 
short time, vanishing beneath an overlying mass of deposits partly as a result 
of landslides and partly as a result of the transfer of material from neighbour- 
ing parts of the ocean floor, and which then reappear. It is also not clear how 


the water dislodged from the ocean floor moves away from the area, and 


what the volume of this water is, but the latter can be easily ascertained by 
analysing long core samples of the ocean floor. It amounts to several hundred 
million cubic kilometres, in any case. 


EVIDENCE FROM OCEAN FLOOR DEPOSITS 


The floor deposits constitute a chronicle of the ocean’s history, and of the 
history of climate and life on the earth. By obtaining samples of the whole 
range of deposits, accurately dating their formation, extensively applying 
radio-isotopic analysis methods, including palaeo-temperature analysis 
(0S /0'* ratio), and making chemical, physical, mineralogical and petrogra- 


phie analyses of strata throughoutthe entire bed thickness, we shall be able 


to answer many questions concerning the ocean’s history. Above all, it is 
essential to verify the seismo-acoustic method of thickness determina- 
tion. 

If we succeed, by means of perfected seismological methods, in obtaining 
a map of the World Ocean with isolines of the total thickness of the floor 


deposits and an indication of their age, we shall have reasonably accurate 
" answers to questions concerning the age of the ocean, its antiquity and per- 


manence, as well as an absolutely accurate basis of judgement on the hypo- 
thesis of mobilism, i.e., whether the continents have shifted, and in particular 
whether the American continent has moved away from Eurasia and Africa. 
We shall also have a final answer to the question of the lost continents— 
Atlantis, Pacifis, Gondwanaland and the rest. 

Analysis of the relief of the ocean bed, in combination with mechanical 
and petrographic analysis of the deposits, will probably yield an indication 
of the change in the ocean level in the geological past. There are numerous 
indications to suggest that the level of the ocean has risen considerably in 
the course of its existence. Where is the answer to this question to be sought 
if not in the deeps of the ocean itself? 

We shall have an answer, too, to the question of the changes in the degree 
of salinity of the ocean, whether it has changed during its lifetime from 
fresh water to its present degree of salinity (35 per cent), or whether the salinity 
was much the same at the beginning as it is now. The first of these two hypo- 
theses is closely linked with the proposition that the water masses of the ocean 
were formed by the condensation of water vapour from the atmosphere, 
and the second with the theory that they were formed from lava masses, 
conserving the salts contained in the latter. 
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Research workers have shown that the waters impregnating the flog 
deposits retain their original salinity for protracted geological periods. Th, 
chemical composition of floor strata deposited at particular geologicall 
remote periods is a storehouse of valuable information concerning the chen. 
cal conditions not only of the water but also of the atmosphere. The ocey 
is a potent regulator of the atmosphere, and especially of its carbon dioxid 
content. This CO, content is a vital climatological factor, and in water tk 
CO, is closely connected with the whole carbonate cycle, and hence the carbo. 
nate content of the ocean deposits in the earlier geological periods can sery 
as an indication of the composition of the atmosphere and of climatic changs 
(palaeoclimatological reconstruction). i 

By means of bed cores, we can make palaeoclimatological reconstruction, 
of earlier geological periods, and the more remote the period the longer th 
sample must be. For the northern parts of the Atlantic and Pacific, we hav 
data indicative of the climatic changes which took place throughout the Ix 
Age, i.e., showing an alternation of warmer and colder periods. On wha 
basis are such facts determinable? 

The upper strata of the sea are inhabited by vast numbers of tiny unicellula 
vegetable and animal organisms which have hard shells or skeletons consistin 
of silica, calcium carbonate or strontium carbonate. These are the diatom 


} 


among the algae, and the foraminifera and radiolaria, among the anim 


organisms. Their structure changes continuously with the temperature whe 
they move from cold parts of the ocean to warm ones; and their structur 
even changes according to the seasons when they stay in the same place 
They are thus a very sensitive and accurate indicator of temperature condition 
in the surface waters of the ocean, and hence of the masses of air above them 
The skeletal remains of these organisms sink to the bottom and add to part: 
cular strata of the floor deposits. The time taken for each stratum to fom 
can be determined by radio-isotopic analysis and a method has also bes, 
devised in recent years for determining the palaeotemperature on the basi 
of the 0'°/0* ratio in the calcareous skeletons of organisms living at the tim. 
The chronicle of the ocean and the sea floor deposits is only just beginnin 
to unfold. Once we are given the opportunity of analysing large numbers d 
long core samples taken from all parts of the ocean bed, we shall be able t 
obtain palaeotemperature reconstructions of the whole globe, and hence git’ 
fairly accurate answers to questions of climatic changes and climatic zonin 
in the earlier geological periods; the position of the poles and equator; tk 
geographical position of any particular part of the ocean floor in relation t 
the continents and the poles (in this case relying on mineralogical and petro 


graphic analysis also); and many others. Light will also be shed on the genera, 


evolution of the living organisms that inhabit the ocean, while we shall & 
able to learn a great deal about the atmosphere from the distribution 0 
nodules of magnetic cosmic matter in the deposits. 
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The analysis of samples of the entire thickness of deposits will probably 


| also provide an answer to the question of whether the ocean water collected 


sradually, or whether the ocean filled up over a comparatively short 


period. 


THINNESS OF THE EARTH'S CRUST UNDER THE OCEANS 


It has long been known that there are radical differences between the structure 
of the earth’s crust in land masses and beneath the oceans, and the proponents 
of mobilism argue, of course, that these differences are evidence of the shift 
of the land masses in the magmatic medium under the earth’s crust. 

The theory is that in the land masses the earth’s crust consists mainly of 
granite and basalt, whereas under the oceans it consists of basalt. The main 
difference, however, relates to the respective thickness of the crust : it is 
30-40 kilometres thick in the first case and 5-8 kilometres, or only one-fifth 
as much, in the second. 

What is the explanation of this startling difference? Why has the earth’s 
crust under the oceans one-fifth the thickness of that under. the land masses? 
This question has still to be answered, and the basic factor in this connexion 
appears to be the geothermic gradient in the suboceanic part of the earth’s 
crust. The temperature in the earth’s crust under the land mass rises 1° for 
every 10 metres, whereas under the ocean, the increase must be much steeper. 
In view of what has been said its measurement is of tremendous interest. The 
flow of heat from the depths of the earth towards the surface heats up the 
strata of the earth’s crust until a state of magma is reached. The point to be 
remembered in considering this entire question is that the four-kilometre 
layer of ocean water and the subjacent one-kilometre floor form a first-rate 
insulating jacket which is obviously bound to make the upper limit of the 
magma considerably higher. It is not easy to say how far the above-mentioned 
difference between the thickness of the earth’s crust under the land masses 
and under the oceans is attributable to this. Boring the earth’s crust under 
the ocean bed will supply the answer to this question also. Particularly inter- 
esting are the intermediate zones between the continents and the ocean floor, 
with their massive corresponding lines of fracture, accompanied by deep-water 
troughs (the Kurile-Kamchatka, Japanese and Mariana trenches, etc.) and 
volcanic phenomena, and their characteristic deposits of valuable minerals. 

The boundary between the hard crust of the earth and the subjacent magmatic 
masses can be accurately determined by seismological methods showing the 
rate at which an ultrasonic wave travels through the upper and lower strata. 
The existence of this boundary was established by the well-known Yugoslav 
geophysicist Andrej MohoroviCi¢, and it is known as the ‘MohoroviCcié line’, 
or ‘Moho line’, for short. The variations in the rate of propagation are as 
follows:1.5 kilometres a second through the water, 1.8-2.1 kilometres a second 


135 








Exploring the ocean deeps 













































through the floor deposits, 6.5-7.0 kilometres a second through the earth) 
crust and 8.3 kilometres a second below the Moho line. 


MINERAL WEALTH BELOW THE OCEAN FLOOR of soft 


The medium underneath the earth’s crust, located below the Moho line which 
contains volcanic products; and it is possible, since this is believed to be th 
level at which they are formed, that there are truly colossal deposits of miner cal stt 
ore existing there. 

If it is really true that the Moho line runs below the oceans at a depth of able h 
a few kilometres, and if the technical problem of boring below the ocean flog 
can be solved, what a prospect it holds out of extending man’s econom descril 
activity to embrace the mineral wealth concentrated beneath three-quarten§} came 
of the earth’s surface but buried below the ocean. For the fact is that man ha 
so far been obtaining useful minerals from only one-quarter of the earth} sypm: 
surface. What is the nature of this buried store of mineral wealth? How exten, Sea, a 
sive is it, and how can it be economically exploited, now that man is tryin) south 
to draw the mysterious curtain that covers it by boldly planning to bor Hig 
through the entire thickness of the earth’s crust beneath the ocean bed? | penta 

The peculiar ferro-manganese nodules which form on the surface of th} and f 
ocean bed are one indication of the mineral wealth hidden in the ocean deep} that t 
and floor deposits. These concretions have long been known to exist botiif valley 
in the seas adjacent to Russia (Baltic, White Sea, Barents Sea and Kara Sealff ines , 
and in the Atlantic, but it is only in recent years, by photographing the bottomg south 
that it has been established that there is a dense mass of them covering a vas 
expanse of ocean bed estimated at tens of millions of square kilometres in th! 
Pacific alone. For the most part, the nodules are roughly circular in shap 
with a diameter of 5, 8 or 10 centimetres and a few centimetres thick, ani) To p; 
look rather like saucers modelled out of clay by children. These formation) royn 
usually belong to the category of biolites, which are formed as a result of th) 
activity of particular bacteria. For each square metre, there may be sever 
kilogramos of them, and the total weight of them deposited on the ocea 
floor would run into billions of tons. They consist not only of iron and mange’ 
nese (the latter in the proportion of 25 per cent) but also 0.5 per cent of cobalt 
nickel and copper. How tempting it would be to try to exploit these minerd 
resources of the ocean, which can be got without any special technical difi 
culty! It is easy to understand why detailed plans have already been prepared (it) 
the United States of America) for obtaining these ferro-manganese nodules from 
the ocean floor in economic quantities, either by dredging or by hydraulic pumps 







UNDERWATER RIDGES ON THE OCEAN FLOOR 


Thanks to the use of constant recording seismographs, a great deal of informs; 
tion has been obtained during the past few decades concerning the relit! 
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of the ocean and sea floors, and a number of surprising discoveries have been 
made which have to some extent upset earlier theories. We have been apt 
in the past to think of the ocean floor as a smooth basin covered with layers 
of soft silt. It is now known that this is not at all the case. The Atlantic and 
' Pacific are divided into eastern and western sections by mountain ridges 
10 lit, which run roughly in a north-south direction over many thousands of kilo- 
) be th!) metres. Could it be that these ridges constitute some sort of uniform geologi- 
minerd| cal structure? And if so, how were they formed? No generally acceptable 
» answer has yet been given to this question. There is, of course, the very improb- 
Sable hypothesis that these ridges are the remains of sunken continents. In 
‘recent years these and many other underwater mountain ridges have been 
t= described by Soviet expeditions, the Vityaz ridge south-east of the Kurile- 
» Kamchatka chain of islands, the Lomonosov ridge in the Arctic (which was 
also skirted by the expedition which passed under the Arctic ice-cap in the 
submarine Nautilus in 1958), Academician Shirshov’s ridge in the Bering 
Sea, and many others. It is possible that the last two are part of the north- 
south system of ocean ridges. 
’ Highly interesting from the geological standpoint is the deep interconti- 
)nental trough bordering the Antarctic which was discovered by the Ob 
) and followed for a distance of 2,000 sea miles. It was found in this connexion 
that the northern part of the Atlantic ridge is cut longitudinally by a rift- 
valley descending to normal ocean depths and resulting from subsidence along 
lines of fracture of the earth’s crust. Is there a similar rift-valley in the north- 
south ridge in the Pacific Ocean? 





DEEP-WATER DEPRESSIONS BORDERING THE OCEANS 


’ To balance these ridges, as it were, there are deep-water depressions extending 
‘round the edges of the ocean which in general coincide with the lines of fracture 
of th) of the earth’s crust marked by heightened volcanic activity. Whereas the 
sever | normal level of the sea floor is 4-6 kilometres below the surface, it goes down 

oceil’ in the deepest depressions to over 11 kilometres (in the Mariana trench the 
nang Vityaz discovered the deepest depression in the ocean—11,034 metres). 
cobalt i We now know of 20 such depressions, 16 of which are in the Pacific, 3 in the 
ainerd ; Atlantic and 1 in the Indian Ocean. The nature of these depressions is not yet 
| diff » clear—we do not know whether they are located entirely within the thickness 
red (it) of the floor deposits or whether their lower sections reach down to crystalline 
s from) rocks. The first of these two assumptions is not inconsistent with their synclinal 
" character. Should we not also assume that the geological age of the synclinal 


: hollows is considerably greater than that of the individual deep-water depres- 
# sions? 
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SEA-FLOOR CHANNELS CARVED OUT BY TURBIDITY CURRENTS The 


A very important factor in the configuration of the sea bottom, especially j i 
the case of shelves (at a depth of less than 200-300 metres) is what are know 
as turbidity currents. This phenomenon was discovered and first explaing! 
by Dely and Kuenen in the 1920s. | 
Rivers carry vast quantities of silt into the sea, while perhaps an even greaty 
quantity is formed in the shoals along the coasts as a result of the puddlin| 
of the water by the surf, especially after storms. The specific gravity of thi) 
turbid water is greater than that of pure water, and it sinks down along th! 
slopes on the bottom following the irregularities of the sea floor. Turbii 
currents have the same effect on the sea floor as water currents on a lan’ ° 
surface, they carve out ravines and canyons. Detailed surveys by echo-sounciny This ; 
devices show that all continents are surrounded by a complex system ay oats 
underwater ravines and canyons which often intersect the bathyal region an’ ens 
go down as far as the abyssal region to a depth of thousands of metres, Iti the . 
not yet entirely clear how far the action of the turbidity currents extends int, hess 
the open ocean from the coastal area. On the other hand, it is quite obviow 
that landslides down the slopes of deep-water depressions, earthquakes ani! - 


which. 
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the eruption of underwater volcanoes are bound to result in the formation | Wher 
huge masses of silt, which settles in a layer on the bottom and forms turbidity Social 
currents. A process of this kind may take place even on parts of the “i of ca 
floor remote from the coastal areas. We cannot rule out the possibility that peopl 
such turbidity currents also play a part in enlarging deep-water depres, there! 
sions. harm 
, oe 

RATE OF CIRCULATION OF WATER MASSES IN THE OCEAN "active 
are li 


| 
Thanks to underwater photography of the ocean floor, a practice widel| effect 
applied in marine research in recent years, another important and interestim/ whic} 
fact has been established: that it is almost impossible to find an expanse 0) centy 
silt which remains smooth and undisturbed. The surface is always marke) The. 
by furrows caused by a sort of oscillation peculiar to the lower layers of th! radio 
water, a characteristic wavy ripple in the sand. A glance at a few dozen photo) surfa 
graphs of various parts of the ocean floor is enough to convince us that tht} tema 
water near the bottom is always in more or less vigorous motion. Dire) haye 
observations of the rate of flow in the ocean depths sometimes show, in fact) can 
rates of 10-20 centimetres a second and over. Hitherto, the usual method dl) this . 
measuring the rate of flow has been to employ what are known as propeller) deep; 
driven current meters which are let down from the research vessel by a rope 
This method is being replaced by the use of independent radio-buoys whic } 


are weighted down to the required depth. The observations of changes il — 
position are made by means of the radio signals they send out. = 
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The discovery of enormously high rates of flow, up to 150 centimetres a 
second, in the Cromwell current gives grounds for assuming rates of flow 
which, if not as high, are at any rate considerable, in other layers of the ocean 


as well. 
Although a great deal of research has been done on various questions of 


’ physical oceanography, we are still a long way from understanding the forms 


and rates of the general circulation of deep ocean water masses. The nature 
of the circulation of the surface water may be regarded as having been explained 
in broad outline, but this cannot be said of the deep water. 


} SHOULD RADIO-ACTIVE WASTE BE DUMPED IN OCEAN DEEPS? ? 


This is a problem that has come to be of great practical moment in recent 
years on account of the proposals to dispose of radio-active waste in ocean 
deeps. The production of radio-active materials has developed so rapidly that 
the question of rational methods of transforming the waste products into 


} harmless forms and removing them from areas of economic activity has 


become one of the most urgent problems of the day. It would be wrong if 
technical progress were to result in jeopardizing the health of the human race. 
Whereas the technical processes involved in the disposal of radio-active waste 
mainly concern those countries producing radio-active material, the effects 
of careless and unscientific disposal are felt by all, including countries and 
peoples not yet engaged in such production. Particular care and prudence is 
therefore essential, for if any negligence is permitted in this connexion the 
harmful effects can never be wiped out. 

If we wish to use the ocean deeps as a dumping ground for highly radio- 
active waste, we should be able to say exactly how long it will be before they 
are liable to enter the sphere of man’s economic activity and have a harmful 
effect on man himself or on the organic and vegetable resources of the sea 
which man uses either directly or indirectly. If the interval covers many 
centuries, the radio-active waste will have lost its harmful properties by then. 
The theory of the great age of the ocean deeps is based on the method of 
radio-carbon (C’*) dating. ‘Young’ molecules of carbon are formed on the 
surface of the ocean and gradually lose their radio-activity as they enter and 
remain in deep water. The time taken by this process is constant. Once we 
have established the ‘age’ of carbon molecules in a given mass of water we 
can determine the age of the mass of water itself. It has been established by 
this method that the Atlantic deeps are 500-700 years old and the Pacific 
deeps 1,500-2,000 years old or thrice that age. However, there are leading 


1. A scientific conference on the disposal of radio-active wastes sponsored by Unesco and the International Atomic 
Energy Agency (IAEA), with the co-operation of FAO, was held at Monaco from 16 to 21 November 1959. The 
Droceedings of this conference were published by IAEA, Vienna, in 1960, in two volumes (1166 pp,, 100 tables, 
320 illustrations). Price $6, £1 16s. per volume. 
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oceanologists who think that the ocean deeps are ‘renewed’ every 10 yean, 
which means that there is a difference of opinion ranging from decades, 
thousands of years. At the same time, there are certain hydrochemists wh 
question the accuracy of the results obtained by the radio-carbon method! 
Apart from the horizontal and vertical transposition of large masses ¢ 
water due to deep currents, great importance attaches to the process of ture. 
lent mingling of waters, mainly in areas where different water masses me 
and move in different directions. This turbulent mingling of waters, whid 
causes a partial mingling of the water masses, must be occurring at all depth 
of the ocean. At all events, the question must be regarded as being a loy 
way from final solution, and needs to be carefully studied from every aspe 
before we can be sure that radio-active material deposited in the depths 
the ocean remains isolated from the surface waters for hundreds of year 
The organisms inhabiting the whole depth of the ocean, from the surfay 
water to the bottommost deeps, migrate both horizontally and vertically 
In addition to horizontal migrations confined to the surface waters of th 
ocean, there is a still more massive system of migration effected by the inmw 
merable considerably smaller organisms which inhabit the deepest parts of th 
ocean. They are the so-called ‘zooplankton’, and most of them are crustacea, 
It seems that vertical migrations of plankton proceed throughout the whok!| 
depth of the ocean, but the same organisms do not make the whole journey, whic 
which covers many kilometres. Vertical movements take place in many stage, avd 
The surface system of vertical movements occupies a layer of water to a depth’ whic 
of 300, 600 or even 1,000 metres. When these organisms move down to deeper of th 
water during the period of daylight they meet deeper water organisms coming have 
towards them, and the same process continues perhaps even to the greatest| tion 
depths. whic 
Many of these sea organisms are capable of accumulating in their bodies T 
hundreds and thousands of times the amount of radio-active substances present| of tt 
in the surrounding water. When they are eaten by fish, these increased charges echi 
of radio-activity are introduced into the latter’s entrails and vast quantities faur 
of live plankton material move upwards and downwards every day. 1,00 
The processes of adsorption and biotransport are such important factors cies 
in the redistribution and accumulation of radio-active material in the depths that 
of the ocean that it is essential in solving the problem to make the most careful deci 
investigation and not to confine ourselves to a study of physical processes. | 0 
One of the most interesting physical processes which take place in the} E 
ocean depths is thermal balance. There are warm currents which move along} '“ 
the ocean floor, and it is possible to determine their force, just as we cal the 
determine the heat exchange between the surface of the ocean and the atmos | mal 
phere. If we could calculate the whole thermal balance of the ocean, we should cha 
have a valuable indication of the rate of circulation of all the ocean water | '' 
masses. Research workers should strive during the next few years to obtain} 
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10 yan more accurate indication of the circulation rate and so solve one of the main 


" theoretical and practical problems of oceanology today. 


: WHAT CREATURES INHABIT THE OCEAN DEEPS? 


The ocean deeps and floor deposits hold the answers to many important 
_ problems of palaeontology. It must be admitted, first of all, that our know- 
ledge of the range of deep-water fauna is still very scanty. It is only since the 
deep-water research carried out by the Danish vessel Galathea and the 
Soviet Vityaz during the past 10 years that any light has been shed on the 
| subject. These expeditions discovered a whole body of wonderful and hitherto 
' almost unknown fauna belonging to some hundred new species, genera and 
families and even the more important orders of living creatures. We now 
know of almost three times as many deep-water creatures as we did before, 
| or if we consider only those creatures living at depths of over four to five kilo- 
metres, we now know dozens of times more. We should mention that both the 
Danish and Soviet research workers found it essential to divide the deep- 
s of th} water (abyssal) zone into two sub-sections and regard the deep-water depres- 
istace,| sions, i.e., depths greater than 6,000 metres, as a separate sub-section. Although 
» whok’ less than 2 per cent of the ocean floor reaches that depth, the fauna on it, 
ourney,, which the Soviet research workers call ‘ultra-abyssal’ and the Danish workers 
stage, havdal, has a quite distinct identity—in other words it includes many species 
a depth which are not to be found at depths of less than 6,000 metres. However, most 
deeper of these forms differ from one depression to another which suggests that they 
-oming| have descended from normal deep-water fauna as part of a process of adapta- 
reatest| tion to ultra-abyssal depths. Most of them are really only sub-species of forms 
which inhabit shallower waters, or species closely related to them. 

bodies} | There are many varieties of deep-water fauna. They include representatives 
resent; of the most varied groups—worms, sponges, coelenterata, molluscs, crustacea, 
harges} echinoderms, fishes, etc.—but not many different species. Whereas the sea 
ntities| fauna in general can be classified into 160-180,000 species, we know of about 
1,000 species (about 0.6 per cent) at a depth of 3,000 metres and about 150 spe- 
actors} cies (about 0.09 per cent) at depths greater than 6,000 metres, which means 
lepths| that as we reach deeper water the qualitative differentiation between fauna 
areful} decreases very rapidly. At a depth of 9,000 metres, the number of species is 
esses. | 10 more than 30 or 40. 

n the However, the decrease in the number of species is not in proportion to the 
along} increase in depth. It has been established that there are two upper limits of 
e can| the depths at which new forms emerge and old ones disappear—at the approxi- 
‘mos- | Mate levels of 3,000 and 4,000-5,000 metres. The reason for these sudden 
1ould | changes in fauna is not yet quite clear. The phenomenon is possibly related 
water | to ecological peculiarities, or perhaps to the configuration of the ocean floor 
btain | Or the geological past of the ocean. 
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Research into deep-water fauna has also led to many even more importay| 
discoveries. For example, a strange new group has been discovered, the pogo. 
nophora, which there are sufficient grounds for regarding as an independen, adapt 
species, or at least as a sub-species having an apparently very close relation philes 
to the Chordata. It is true that one specimen of this group was discovered) The 
50 years ago by the ‘Siboga’ expedition, in deep water not far from New Guine, 
but the discovery attracted little attention among zoologists at the time, Aj | that | 
present, mainly thanks to the research work done by A. V. Ivanov, the pog. 


€ 
; 


favou 
nophora group includes a number of orders, families and genera and abou by st 
70 species, and every expedition brings forth new discoveries. However, this was’ 
is a typical deep-water group which is nowadays almost never found in rogr 


shallow water, nor is it known to palaeontologists as a fossil. The pogon-| py 
phora are now the focus of attention of zoologists throughout the world. 
Another striking discovery was made by the Galathea in the Pacific 
off the coast of California. A mollusc was found (termed ‘Neopilina’) which Th 
is a living specimen representative of a group of monoplachophora which wer the < 
common in the Palaeozoic and were thought to have become extinct by th must 
end of that era. Just over a year ago, an American expedition in the Vem wate: 
discovered yet another species of Neopilina in the eastern Pacific. begu 
In recent years, hundreds upon hundreds of photographs of the floor have! jim; 
been taken in the open ocean. One of the most interesting details revealed 01 
by them is the abundance of traces of animals, some known and some not.| that 
Occasionally the number of animal traces is very great indeed. At first glance, | sub- 
this seems to be incomprehensible, since the density of population of the ocean Fi 
floor is so small. But if we remember that it takes a thousand years for a layer’ tion 
of silt only a few millimetres thick to be formed, we can understand that thee| jj 
marks have accumulated in the course of many centuries. Some of the marks} con 
on the ocean floor cannot as yet be attributed to any creatures that we knowof: _habj 
obviously, there are still many creatures unknown to science to be discovered hab 


in the ocean depths. latit 
exte 
THE ANTIQUITY OF DEEP-WATER FAUNA , Tidg 
or ¢ 


In the ocean depths live various groups of creatures—echinoderms, crustacea, | 
molluscs and a number of species within these groups which are not found hav 
nowadays in shallow water, but are known to us as fossils. Many of these | tha 
forms have archaic features. Deep-water organisms live in very special condi | pre 
tions. No light at all reaches these depths, and there are neither waves not | 
breakers. The epithet applied to the ocean, in contradistinction to the land, | 
is the ‘changeless world’ but it is its depths which deserve that name most 
of all. There is almost no variation in temperature or salinity in the ocean 
depths; there is no light; gaseous conditions are constant and the pressure the 


is tremendous. The creatures which live there are unable to rise to the upper | lig! 


— 


——EE 
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© Pogo. 





to variations in environmental conditions, to light, etc., and have become 
adapted to living under very high pressure. They are sometimes called baro- 
philes. 

There is therefore reason to believe that ancient, archaic and primitive 
forms persist in particular abundance among the deep-water fauna. The fact 


- that living conditions at these depths are completely uniform may have 
favoured the preservation of forms which in shallower waters were replaced 
_ by sturdier rivals produced under conditions where the struggle for existence 


was keener and outmatching them from the standpoint of evolutionary 


progress. 
But not all research workers accept this theory. Some take the opposite 


view—that ancient and primitive forms also persist in shallow and fresh 


waters and that the ocean deeps have no monopoly in this respect. 

The supporters of this view argue that even in recent geological periods 
the climate on the earth was equable and warm and that the ocean deeps 
must have been intensively warmed up, and hence that the formation of deep- 
water fauna, with its adaptation to low temperatures (1-2°C.), must have 
begun later, with the cooling down of the earth and the emergence of different 
climatic zones. 

On the other hand, there are insufficient grounds for rejecting the view 
that climatic zones may have existed in earlier periods, if it is true that both 


sub-polar regions and an equatorial zone existed. 


Further research on deep-water fauna will supply the answer to this ques- 
tion, which is of special interest for evolutionary biology. 

It would be incorrect, however, to think that the unique deep-water living 
conditions referred to necessarily favoured the development of very extensive 
habitats for the fauna concerned. It is rather the opposite which is true—the 
habitats of very many deep-water organisms are extremely limited both 
latitudinally and longitudinally. It is still difficult to say what prevents their 
extensive spread, but the most likely reason is the presence of the underwater 
ridges and elevations, and possibly of hydro-chemical obstacles of some kind 
or other. 

It is highly probable that the present habitats of individual organisms 
have remained constant for a very long geological period, and it is possible 
that they reflect not so much the relief of the present ocean bed as that of 
previous geological periods. 


HOW LONG HAS SEA FAUNA EXISTED? 


Once we have obtained large numbers of bed cores hundreds of metres long, 
the study of the remains of organisms found in floor deposits will throw 
light also on the more general question of changes in the denizens of the 
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ocean during its history, and thus provide more substantial and reliable info.) 
mation to supplement palaeontological data. This brings us to yet anothe 
very important but obscure question—that of the pre-Palaeozoic history of th! 
earth’s living inhabitants. The fact is that the various species of fauna wep” 
already in existence at the very beginning of the Palaeozoic. In the many | 
hundreds of millions of years that followed, there has been no very profound’ 
or major change in the evolution of the living creatures inhabiting the oceans | 
while many groups and even many distinct forms which flourish today ar | 
known to have undergone practically no change at all during that period 

The question that naturally arises is, how long did it take for the evolution | 
of organic forms to reach the stage at which we find them at the beginning | 
of the Cambrian? It must be remembered that the preceding (pre-Palaeozoic) | 
stages include gradations such as the formation of albuminous substances 

and from them the creation of organisms of a bacterial type, followed by th 

formation of primitive unicellular plants and animals. These stages wer | 
followed by the formation of multicellular creatures, and then came the | 
subsequent complex stages—the coelenterata, worms, segmented diploblastics 

and lastly the ancestors of the vertebrates of today, which probably already | 
existed at the beginning of the Palaeozoic. How long did all this take? Palaeon- 
tologists suggest that the whole of this evolutionary process took as long as; 
the interval from the beginning of the Palaeozoic era to the present. But, 
this is hardly possible. What further complicates the problem is the more 
recent suggestion to the effect that the animal world, in all its diversity, came 


into being at one stroke, like the shapeless wads of paper which the Chinese | 


place in water and which immediately swell into bunches of paper flowers. 
However, what the biologists want are not conjuring tricks but logical expla. 





nations of the chronological stages characterizing practically the whole span | 


of evolutionary development of the earth’s inhabitants. Meanwhile, there | 


remains a still tangled mass of unacceptable answers and unsatisfying hypo- | 
theses. It is not even easy to see which end of the tangle we should start to | 
unravel, but there is reason to hope that the study of the palaeobiology of the | 
ocean, the ancestral home of the inhabitants of our earth, throughout the 
whole stratification of its floor deposits will help us materially in finding the | 
answer to this hitherto insoluble mystery. | 


THE DENSITY OF LIFE IN THE OCEAN 


All these questions of a zoological and general biological nature by no means, 
of course, exhaust present-day interest in the study of the denizens of the 
seas and oceans. These subjects belong particularly to the field of interest 
of the zoologist, the botanist and the biologist. Oceanologists are interested 
in other aspects of the study of the phenomena of ocean life, particularly the 
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dle info laws governing the horizontal and vertical distribution of life in the ocean, 


anothe 
TY of th! 
Ina Wer 
Ne many 
TOfound 
, Oceans, 
day ar | 
vita 
VOlution 
ginning | 
A€0Z0ic) | 
stances 
| by the 
eS were 
me the 
blastics 
already 
alaeon- 
long as) 
it. But, | 
e more 
7, Came 
~hinese 
lowers, | 
expla. | 
e€ span 
_ there 
hypo- 
tart to | 
of the 
ut the 
ng the 
t 


f 


1eans, 
of the 
‘terest 
rested 
ly the 








including the deeps. ) 
The density of animal and plant population in the seas and oceans varies 


greatly from one region to another. The density is measured in kilograms 
on the ocean floor in coastal regions, and in milligrams (i.e., in quantities 
a million times smaller) in deep water in areas more distant from the coast. 
The reason is that food supplies for marine fauna abound near the coast 
but are comparatively rare in mid-ocean. Similar variations, but to a less 
extreme degree, are to be observed in the density of plankton life: in coastal 
regions there are sometimes several grammes per cubic metre, but in the 
deep ocean the amount is a matter of milligrams, or several thousand times 
less. Maps have already been produced showing the quantitative distribution 
of life in a great many seas and in practically the whole of the World Ocean. 
Such maps are extremely useful, since exploitation of the plant and animal 
resources of the seas depends to some extent on the amounts available; and 
we are still a very long way from having explored or exploited all the raw 
material resources that exist. At the same time, it is important to know not 
only the distribution of living organisms but also their productivity rates, 
for the same amount of organisms may provide different yields in different 
parts of the ocean, depending on the temperature. In warm seas, for example, 
the annual yield will be relatively greater than in seas at moderate latitudes 
and will be smallest in the arctic seas. In the ocean deeps the population 
density is so low that it seems hardly possible that any economic use could 
be made of it. 

If answers are to be found to the highly important questions we have been 
considering, new techniques must be used for the study of the ocean deeps. 
First and foremost among these is the independent bathyscaph used conti- 
nuously to investigate the ocean deeps and the ocean floor, the dynamics of 
deep waters and the life which inhabits them. Man must master the ocean 
floor and begin to exploit its scientific and economic potentialities. The 
bathyscaph also offers a means of studying the propagation of sound in 
great masses of sea water, which is a problem of vital interest for submarine 
navigation. At present the only means of long-distance communication in the 
ocean deeps is the sonar and there is an urgent need for further research in 
this field. 


MARINE ORGANISMS AS INDICATORS 


Many of the organisms in the ocean deeps can also serve another purpose— 
their presence may indicate the nature of the water mass in which they are 
found, and particularly the presence of warm or cold currents. In this respect, 
many plankton organisms, including bacteria, are sometimes more sensitive 
than the instruments now at our disposal. 
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THE BIOLOGICAL STRUCTURE OF THE OCEAN 


We are getting a steadily clearer picture of the regular latitudinal changes } 
in the environmental conditions and composition as well as the biological 
features in general of oceanic organisms. Depending on the different geogra. 
phical zones, there are variations in solar activity (the amount of sunlight 
on the surface of the sea and the temperature) and in the phenomena of th 
vertical circulation of the water masses, the composition of the flora and fauna 
their quantitative distribution and the processes of biological productivity 
and the chemical substances which promote it. As we move from the pok 
towards the equator, we can see a steady change in all the natural phenomena, 
and as we move from the equator towards the other pole we can observe the 
same change in reverse. 


The sum total of all these phenomena is known as the biological structur 


of the ocean. 


CHEMICAL CHARACTERISTICS OF THE OCEAN 


Biological phenomena in the ocean are intimately connected with hydro- 





chemical processes. This interdependence must also have existed in the geo- 
logical past, and for this reason the palaeochemistry of the ocean is of direct 
importance for palaeobiological studies. 

Most oceanologists today think that the salt content of the ocean water 
mass has remained fairy constant since the beginning of the Palaeozoic era. 
Although the CO, content of the atmosphere was very high in the pre-Cam- 
brian, its diminution starting from the Cambrian was not very considerable. 


In turn, the CO, content affects the heat balance of the atmosphere, and is} 


thus itself an important palaeoclimatological factor. As a result of the combus- 
tion of large amounts of coal and oil during the past century, the CO, content 
of the atmosphere has again slightly increased. 

There is a very great deal of interest at present in the chemistry of the 


deposits and solutions on the ocean floor not only as a means of palaeoclimato-| 


logical and palaeobiological reconstruction but also as a possible source of 
insight into the processes of diagenesis. 

The changes occurring in the organic matter in the floor deposits are of 
particular importance for our still elementary understanding of the processes 
of diagenesis. Further study of the question depends on the possibility of 
investigating deeper strata of the floor deposits. This should offer some new 
evidence to explain the process of mineral oil formation, which is still very 
obscure. 
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OCEANOGRAPHY CALLS FOR INTERNATIONAL CO-OPERATION 


hange; The study of the ocean deeps is of tremendous theoretical and practical 
logical importance, and as yet man’s efforts are only in their infancy. The second 
Beogra- § half of this century will see a great development of all aspects of oceanological 
unlight research, and particularly of deep ocean research. This task is too great for 
of the any one country to cope with. The ocean belongs to all mankind, and the 
fauna study of it is a worthy opportunity for peaceful co-operation between all 
uctivity | countries and all peoples. A framework for international co-operation 1s 
le pole | already taking shape and will be reinforced during the coming years by contacts 


omena, ) between those actively engaged in this work. 
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